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ABSTRACT 
Sudan is almost entirely depending on imports to satisfy its needs of pulp and paper. Out 
of the total paper consumption (92%) only 8% is locally produced. The pulp and paper 
industry is looking for unconventional fibrous raw materials for producing different kind 
of papers and boards. Sudan is endowed with both wood and nonwood lignocellulosic 
raw materials, all of them are available at the moment due to the end of the civil war in 
the South, especially the softwood forests. There must also be a sufficient supply of 
good quality raw material for running the process throughout the year. It has been 
shown that nonwood fibrous materials have high biomass production capacity and the 
pulp yields obtained have in most cases been higher than those from wood species. Non-
wood fibres are an important source of raw materials, especially in developing countries. 
They can be by-product of agriculture such as bagasse and cereal straws, or industrial 
crops like bamboo, esparto, sisal, flax and hemp. 
     Two bamboo species, Oxytenanthera abyssinica and Bambusa vulgaris together with 
an industrial by-product, namely bagasse, have been investigated for their potential for 
producing pulp and paper.  
      The density (for bamboos), fibre dimensions, morphological indices and chemical 
composition of the raw materials studied were determined. The kraft, kraft-AQ, soda, 
soda-AQ, AS-AQ and ASAM pulping processes were applied and some of the pulps 
produced were bleached according to  the TCF bleaching methods. The trials to improve 
the pulp properties included blending of bamboo and bagasse pulps. 
      The average basic density of the two bamboo species was in the range of tropical 
hardwood of 150-1150 kg/m3 and in the middle for commercial pulpwoods (350-650 
kg/m3).  
    The fibre dimensions were microscopically evaluated. The average fibre length of 
Oxytenanthera abyssinica (1.5 mm), Bambusa vulgaris (2.1 mm) and bagasse (1.7 mm) 
were in the range of softwood and bamboo (1-7 mm). The fibre length of bambusa is 
considered as long, but that of oxytenanthera is medium-long. The fibre width of the 
two bamboo species was nearly the same, medium-narrow and of hardwood range (10-
 
 
XI
35 µm). According to flexibility coefficients oxytenanthera have higher bonding 
strength (tensile, burst, double folds). The thicker wall of bambusa (4.6 µm) compared 
to that of oxytenanthera (3.7 µm) indicated a very different morphological indices and 
behaviour. The narrow fibres of bagasse (8.4 µm) had wide lumens (5.2 µm) and thin 
cell wall thickness (1.6 µm). Their good flexibility coefficient (62) indicate their ability 
to collapse easily and to form interfiber bonding important for paper strength. 
    The chemical composition of the raw materials was typical for non-woody plants. 
They have high ash content, especially silica and low lignin contents. The very good 
cellulose content of bagasse (54.8%) predicted very good to excellent pulp yield. The 
higher cellulose content (56.6%) of oxytenanthera predicted better yields than from 
bambusa. 
    The overall chemical composition indicates the suitability of alkaline methods for 
pulping with reasonable  alkali charges and predicted good to excellent yields. This was 
demonstrated by cookings with different alkali charges. Bagasse was pulped easily with 
alkali charge of 10.9-12.4 % as Na2O for 155-160 minutes cooking time at maximum 
temperature of 170 oC to bleachable kappa number. Bamboo cooking was carried out 
with alkali charges of 17-18.6 % as Na2O for 165 minutes at 170 oC 
    The bagasse alkaline sulphite-anthraquinone pulping gave a very high screened yield 
(57%) of a bleachable pulp with a very low kappa number, high viscosity, and high 
initial ISO brightness. The bagasse soda–AQ cooking gave excellent yield of nearly 
58%. 
    The kraft pulp of bamboo was superior to soda and soda-AQ pulps in all strength 
properties except for the tensile index of bambusa soda-AQ pulp. Addition of 
anthraquinone in the kraft pulping of bamboo increased the yield and improved the 
strength properties. 
    The best bamboo cooking results were obtained with the ASAM process, which gave 
higher pulp yield and superior optical and strength properties than the kraft process. 
Higher yield, lower kappa numbers, superior viscosity and brightness were obtained at 
high pulp strength level for the both bamboo species.  
 
 
 
XII
Oxytenanthera AS-AQ pulp was blended with the strongly bonding bagasse AS-AQ 
pulp in three ratios (10:90, 30:70, 50:50). With all blending ratios the tensile strength of 
oxy/bag pulp blends was improved, and the values were more or less the same as for 
100% bagasse pulp.  On the other hand, the tear index of the blends was improved 
compared to that of 100% bagasse pulp, and 50:50 blends were with the highest tear 
strength.   
    TCF bleaching with Q1O/PQ2P sequence was applied for bagasse soda, soda-AQ and 
AS-AQ pulps. The bleached pulps reached a final ISO brightness of 71.6, 74.1 and 
76.9% respectively at a kappa number of 1.6 – 3.9 and viscosity in the range of 790 -990 
ml/g. The oxytenanthera pulps Kraft and ASAM were bleached with OQ1O/PP 
sequence. Good bleachability for the oxytenanthera pulps was comparatively difficult to 
attain as it required additional chemical charges due to the high lignin content of the 
unbleached pulps. The kappa numbers of the kraft and ASAM pulps were reduced from 
24.8 to 6.6 and from 19.4 to 8.0 respectively. The ISO brightness obtained was about 82 
% for the both pulps .The viscosity loss for both pulp types and especially for the 
ASAM pulps was small (from 1024 to 885 g/ml and 1114 to 1054 g/ml respectively). 
The addition of DTPA at the chelation stages (Q) improved the delignification 
selectivity, resulting in an increased ISO brightness in both cases. In the final peroxide 
stage the addition of DTPMPA (0.05%) and MgSO4 had been proved beneficial for 
successful peroxide bleaching. 
      All raw materials chosen were well suited for obtaining pulp with acceptable to 
excellent yield with the most suitable pulping process tried, according to their individual 
characteristics. They could develop into predominant fibre resources for good quality 
pulps for use in printing and writing papers 
    . 
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1. Introduction 
 
 
World wide, paper is mostly produced from cellulose fibres. Less than two- third 
comes from wood, one –third from recycled paper and about 5% comes from non-
wood source . Recycling is principally developed in western countries (40% of the 
production in western Germany for example) and non-wood fibres such as 
bagasse, cereal straws, bamboo in developing countries (FAO,1996). The 
production of non-wood fibres pulp has increased more rapidly than that of pulp 
from wood in the last two decades, by a factor of about two in Latin America and 
three in Africa and the Middle East. 
 
The leading pulp producers are in north America (USA 71.4 Mt.), Canada 16.5 
Mt.), whilst the European community (39.6 Mt., Japan(28 Mt.), China (16 
Mt.)and the ex- USSR (10.3 Mt.) are also important producers. Paper and 
paperboard for each continent 
 is: 
 
 
Central and north America          91.2 MT.                    38.3% 
    
Europe and ex-USSR                  77.7 MT.                     32.5% 
 
Asia                                             56.4 MT.                     23.7% 
 
South America                            07.7 MT.                     03.2% 
 
Africa and Oceania                     05.5 MT.                    02.3% 
 
Total                                          238.0 MT.                    100% 
 
The 1988 consumption per capita was: USA 310 Kg; Sweden 246 Kg; China 6 
Kg. the data shows that western countries are consumer leaders. The consumption 
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of a Chinese citizen is less than 2% of that of USA citizen (FAO,1996). The 
outlook for pulp and paper confirm that the pulp and paper industry will be a 
growth industry. This means that a lot of additional pulp/paper capacities will be 
built in which a wide varieties of fibrous raw material including non-woody fibres 
will be used. The use of non-woody materials in pulp and papermaking is 
increasing in developing countries where the expansion rate of pulp production 
will be twice as high as in developed countries. Trade in world pulp increased by 
3% and amounted to 28 million tones in 1992. (FAO,1994). In 1993 world 
production of paper and paperboard amounted to 353 million tonnes, some 3.5 % 
above 1992,s outrun. Production in developing countries increase to38 million 
tonns 5 % or above 1992 production. (FAO,1994). 
About 30% of paper production is based on recovered papers, and the balance 
uses virgin raw materials. Wood is the main fibrous raw material used to produce 
pulp, and accounts for more than  90% of the production. Non-wood fibres are an 
important source of raw materials, especially in developing countries. They can be 
by-product of agriculture such as bagasse and cereal straws, or industrial crops 
like bamboo, esparto, sisal and flax (FAO,1996). 
There must also be a sufficient supply of good quality raw material for running 
the process throughout the year (Atchison, 1987b). It has been shown that non-
wood species have high biomass production capacity and the pulp yields obtained 
have in most cases been higher than those from wood species. Promising new 
non-wood species for fibres production have been identified in earlier research on 
the plant families Graminease.Leguminosae and Malvaceae (Nieschlag et. at 
1960; Nelson et. al. 1966). Reed canary has been one of the most promising 
species for fine paper production in Finland and Sweden  (Berggren 1989, 
Paavilainen and Trogilson 1994). Cereal straw (Atchison 1988) can be used for 
paper production.  In central Europe elephant grass has been studied as a raw 
material for paper and energy production (Walsh 1997).. 
Sudan is heavily dependent on imports, due to the shortage in domestic 
production. The imports of paper manufactures and waste paper during the period 
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1994-2003 (Table1) shows fluctuation from year to year in both quantities and 
values. 
 Sudan is endowed with both wood and nonwood lignocellulosic raw materials, all 
of them are available at the moment due to the end of the civil war in the south, 
especially the softwood forests. The non-woody fibrous raw materials available 
include papyrus, agricultural and industrial wastes, kenaf and bamboo.  
Table 1.Imports of paper and paper product during the period 1994-2003 (Bank 
of Sudan) 
Paper and paper product waste paper Year 
Quantity (Mt.) Value (1000$) Quantity (Mt.) Value (1000$)
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
16,628 
25,224 
26,456 
31,438 
57,227 
24,607 
28,925 
25,561 
39,022 
40, 430 
 
22,171 
24,804 
36,580 
20,891 
34,220 
22,573 
29,568 
26,151 
37,487 
36,148 
- 
100 
448 
264 
180 
86 
86 
138 
1,395 
1,285 
- 
20 
85 
61 
82 
21 
19 
41 
259 
394 
 
 The agricultural waste that can provide fibrous raw material include: cotton 
stalks, cereal straw, and sunflower stalks. Nowadays bagasse is considered one of 
the non-wood fibrous materials of highest industrial potentiality. The fast growth 
of the sugar industry in the recent time is providing huge amounts of sugar cane 
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bagasse, which is utilised as fuel for boilers. However, of all the nowood fibres 
utilised for paper pulp manufacture, sugar cane bagasse has become a major 
fibrous raw material all over the world. 
The review of its availability and sustainability in Sudan points out the bagasse as 
the most suitable and economic non-wood fibrous material. On the other hand 
bamboo is a well established papermaking fibre that it  has been utilized for 
papermaking in China, India, Burma, Thailand, Pakistan, Indonesia, Bangladesh, 
Taiwan, Philippines, Japan and Brazil. The early results of evaluation of Sudanese 
bamboo for paper pulp suggested that  by suitable choice of bamboo species and 
pulping methods a wide range of pulp properties could probably be achieved. 
More than 54 woody and nonwoody Sudanese lignocellulosic raw material also 
have been already studied for their pulping potential by the conventional and 
some new methods. The studies on most of the Sudanese nonwoody fibrous raw 
material (Gabir and Khristova, 1983, Gabir et al.1990,  Khristova and Gabir,1990; 
Khristova and Tissot, 1995, Khristova et al. 1998, Khristova et al. 2002 ) and on 
wood  fibrous  materials (Khristova and Gabir 1984, Khristova et al. 1988, 
Khristova 1990, Khristova et al. 1990a, Khristova 1992, Khristova et al. 1994, 
Khristova et al. 1997, Khristova et al. 1998, Khristova and Karar 1999,  Khristova 
2000).  
The present study, a continuation of the previous projects deals with the 
evaluation of two species of bamboo (Oxytenanthera  abyssinica and Bambusa 
vulgaris) and sugar cane bagasse, for utilization as fibrous raw materials in pulp 
and paper industry with environmentally safe pulping and bleaching. 
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Objectives 
 
 
Overall Objective 
To study the pulping potential of some Sudanese non-wood fibrous raw materials 
with environmentally safe and economically feasible processing.  
Specific Objectives 
1. To study the morphological and chemical properties of the raw material under 
study and their effect on pulp and paper properties. 
2. To  find out the most suitable of the present alkaline pulping processes with 
additives for two species of bamboo (Oxytenanthera  abyssinica and Bambusa 
vulgaris) and sugar cane bagasse with respect to the papermaking properties and 
economics. 
3. To compare conventional soda and kraft processes with the new pulping                
technologies,  soda-AQ, AS-AQ and ASAM processes. 
4. To study the effect of blending bamboo pulps with bagasse material at different     
ratios.         
5. To establish the optimum bleaching sequences without using chlorine for each       
type of pulp.                  
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2 NON-WOOD PLANTS 
 
 
Most of non-woody plants belong to the family Graminae. They are characterized by 
the shape of the siliceous cells present in the epidermis (Heywood 1976). 
 
Paper was made almost exclusively from non-wood plants fibres. The first true paper 
is credited to Ts,ai Lun in 105 A.D. in China and he apparently made it from textile 
waste , old rags, fibres of true hemp (Cannabis sativa) and China grass (ramie) The 
first suitable raw fibre the Chinese found- i.e. straight from the plant – was 
Broussonetia papyrifera . This needed soaked in alkaline solution of lime or wood 
ash, before being macerated. Another raw fibres used was bamboo, which needed an 
even longer soaking, up to several months. These procedures represented the 
beginning of the technique of pulping, as distinguished from that of making pulp into 
paper (Atchison & McGovern 1987). 
 
To conserve wood resources, non-wood fibres plants can be substituted for wood 
pulping. Nonwood fibres are good raw material for production of pulp and paper in 
many region of the world where wood supplies are limited or costly. The short fibre 
pulp improves the surface properties of the printing paper and requires less refining. 
Furthermore, non-wood fibres with thinner fibre dimensions than those of fibres in 
hardwoods produce a very smooth paper surface. The use of non-wood fibres in 
pulping has a further advantage because it eliminates the need for disposal, which 
currently increases farming costs and causes environmental deterioration through 
pollution, fires and pests (Judt 1987). 
 
Research work has been carried on most nonwoody fibrous raw materials of Sudan 
(Khristova and Gabir1993; Gabir and Khristova 1983; Khristova et al.1990 ). Natural 
growth plants as papyrus and bamboo (Khristova and Gabir1983; Khristova et 
al.1981/82). 
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2.1 NON-WOOD PLANTS STRUCTURE 
 
 
2.1.1 Non-Wood Plants Fibre 
 
Non-wood plant can be divided into several groups depending on the location of the 
fibres in the plant. Iivessalo-Pfaffili (1995) has described four fibre types: grass 
fibres, bast fibres, leaf fibres and fruit fibres. Grass fibres are also termed  stalk or 
culm fibres (Hurter 1988, Judt 1993). Generally, non-wood plant fibre pulps can be 
grouped into two broad categories: 
• Common non-woods or hardwood substitutes such as cereal straws, sugarcane 
bagasse, bamboo (shorter fibre species), reeds and grasses, esparto, kenaf (whole 
stalk or core fibre), corn stalks, sorghum stalks etc. 
• Specialty non-woods or softwood substitutes such as cotton staple and linters; flax, 
hemp and kenaf bast fibres; sisal; abaca; bamboo (longer fibres species) (Robert et al 
1997). Grass fibres currently used in papermaking are  obtained mainly from cereal 
straw, sugarcane, reeds and bamboo (Atchison 1988). 
 
There are three principal ways of weakening the interfiber bonds: by temperature 
increase, by swelling agents, by delignification (Ryhdhom 1965). The degree of 
bonding between the fibres in a sheet of paper depends on the chemical and physical 
nature of the fibre surface and the manner in which the fibres have been formed into 
the sheet of paper (Casey 1967). Strength values of wood will indicate either the 
strength of the individual fibre, the strength of the bond between different layers in 
the fibre, or the strength of the bond between the fibre walls (interfiber bonds), 
depending on the pretreatment and test condition (Rydholm 1965). The fine but stiff 
fibres give good sheet formation , good porosity, high opacity, high sheet stiffness 
and good absorption (Hillis 1991). 
 
The shorter hardwood fibres (deciduous trees, fibre length,0.6 -1.9mm) or grass fibres 
(fibre length 0.7) (Hurter 1988) contribute to the properties of pulp blends, especially 
opacity, printability and stiffness. In fine papers, short –fibred pulp contributes to  
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good printability. Rydholm (1965) reports that wheat straw contains 50% bast   and 
sclerenchymatic fibres, 30% parenchyma,  15% epidermal, and 5% vessels. Straw 
fibres are much more heterogeneous than wood pulp fibers. The fibres of bamboo are 
much longer than those of hardwood, but shorter than those of softwood (Tran et al. 
1978). The bamboo fibre length varies from 2.5 to 4 mm average being around 2.5 
mm and fibre diameter 12 microns to 14 microns (Ramadorai1991). Bamboo fibres 
are characterized by their slender form — long, tapered at both ends and sometimes, 
forked (Fig.1). Their length influences the strength of the culm and its pulping 
properties. Considerable differences have been recorded between species, and for the 
same species contradictory results often obtained. Among the 78 bamboo species 
measured by different authors, a wide range of fibre lengths were seen — from 1.04 
mm in Phyllostachys nigra to 2.64 mm in Bambusa vulgaris (Liese and Grosser 
1972). An average value of 1.9 mm can be assumed.  
 
 
Fig 1. Small and big bamboo fibres with a forked end, parenchyma cell                             
(Ramadorai1991)                                                
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 Bagasse fibres are about 1.6 mm long and 20µ wide, whereas the non-fibre cells are 
0.3-0.4 mm long and 8µ wide. Bamboo fibres are particularly large, approaching the 
size of softwood tracheids. Average fibre length value of 2-4mm have been reported 
,and average fibre width of 15-40 µ.(Rydholm 1965).Table shows a compilation of 
grass fibres  of grass fibre dimensions, compared to those of wood fibres. 
Bamboo  fibres morphologically differ from hardwoods and softwoods fibres. 
Bamboo fibres are long cylindrical with tapered ends. These bamboo fibres do not 
have scalariform perforations found in hardwoods or softwoods resulting in poor 
removal of lignin. In wood fibres the bleaching chemicals diffuse homogeneously and 
uniformly through the pitted perforations resulting in better removal of lignin. In the 
case of bamboo pulp the bleaching chemicals can diffuse only through the tapered 
ends of the lumen and this results in poorer removal of lignin. 
Another factor contributing physiologically towards relatively poor response to 
bleaching in bamboo pulp is the presence of condensed lignin which amounts to 
nearly 25% of the total lignin present. Further when delignification takes place 
,hemicelluloses swell and the flow of chemicals through the  narrow lumen  becomes 
less . For the above reasons bamboo pulp can not  be bleached beyond 78 brightness 
without impairing its strength properties. 
The main drawbacks that are considered to limit the use of the non-wood fibres are 
certain difficulties in collection , transportation and storage (McDougall et al, 1993). 
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Table2. Approximate fibres dimensions of grasses (Rydholm 1965) 
Fibre 
Length, 
mm 
Diameter, 
 µ 
 
                     
Species 
Max. 
 
Min. Average Max. 
 
Min. Average L/d 
Cereal straw 
Rice straw 
Esparto 
Bamboo 
Bagasse 
Corn stalk
3.1 
3.5 
1.6 
4.4 
2.8 
2.9 
0.7 
0.6 
0.5 
1.5 
0.8 
0.5 
1.5 
1.5 
1.1 
2.7 
1.7 
1.5 
27 
14 
14 
27 
34 
24 
7 
5 
7 
7 
10 
14 
13 
9 
9 
14 
20 
18 
110 
170 
120 
190 
85 
85 
 
 
2.1.2 Gross Anatomical Features 
 
Non-woods, however, have large differences in their physical and chemical 
characteristics, and they all contain to varying degrees a wide variety of fibre and cell 
types. Monocots such as cereal straws, sugarcane bagasse and corn stalks are more 
similar to hardwoods as the “fibre” fraction is in the same order; however, they are 
much more heterogeneous and contain a large proportion of very thin-walled cells, 
barrel-shaped parenchymous cells, and vessel and fine epidermal cells in a wide range 
of dimensions. Dicots such as flax straw, kenaf and hemp contain two distinct fibre 
types: an inner core of short fibres surrounded by a layer of longer bast fibres. 
Vascular  bundles can be distributed in two rings as in cereal straw and it can be 
scattered throughout the stem section as in corn. Bamboo and sugarcane (Esau 1965). 
The principal tissues of a vascular plant is shown in figure2. 
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One of the greatest disadvantages of grasses as raw materials for pulping is the small 
cell dimensions. The enlarged cross section of a straw reveals an outer layer of silica-
rich epidermis cells, strengthened by a ring of bast cells. Adjacent is the main tissue 
of parenchymatic cells, also containing bast and vessel bundles for water transport. 
Those bundles are sheathed by sclerenchymatic cells. These results in four categories 
of cells, in the following approximate proportions for wheat straw: bast and 
schlerenchyma fibres 50%, epidermis cells 15% and vessels 5%. Bamboo has the 
same principal structure, although with a more pronounced and very hard epidermis 
layer and larger cell dimensions throughout. Corn stalks contain50% fibres 50% 
parenchyma cells and vessels and only about 1% epidermis cells.Bagasse resembles 
in anatomic details the corn stalks, with a considerable pith fraction of 25-30% 
(Rydholm1965). 
 
The wall of the bamboo culms built up of  Parenchyma tissue, vessels, fibres, sieve 
tubes and annular vessels (Ramadorai1991). The orientation of bamboo cells is axial 
without radial cell arrangement like those found in wood. Therefore, the modified 
Boucherie method is the right approach preserve bamboo from insect and fungal 
infestations. Starch grains occur abundantly in the elongated parenchyma cells of the 
ground tissue, but not in the interspersed shorter ones. The vascular parenchyma 
sheaths are often densely filled with starch grains. The cortex parenchyma generally 
does not contain starch. Parenchyma cells around the nodes and have a high starch 
content. Fibres may also contain starch; as fibres can remain alive for a long time, the 
starch provides energy for further wall thickening and also septa formation. Starch 
granules were observed even in protoxylem tracheids. The starch granules are round 
or ellipsoidal and often occur in pairs or groups. At the outside of a culm, a waxy 
layer often covers the surface and it can be felt especially on young culms, refers to a 
white exudates on the culm surface of several species. 
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Fig. 2 Organization of a vascular plant (Esau 1965)  
The "Dowga"wax of Bambusa blumeana hinders the penetration of chemicals during 
the pulping process (Ramadorai 1991). 
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Extractions of this species yielded 0.25% deep yellow Dowga wax with an unpleasant 
odour. To make bamboo furniture in Japan it is customary to treat fresh culms by heat 
to remove the Oil"(wax) from the skin and to change the green colour to yellow. 
 
The epidermis of bamboo is hard and slippery particularly and semi dry bamboo. 
Bamboo unlike wood, forms capillary tubes of its sap canals or vessels running 
vertically in close straight and regular series throughout the culm when once the sap 
is  used up or dried, these capillaries do not collapse unlike another annual and cereal 
straws. The capillaries  enclose air rendering the expulsion of it difficult . Because of 
this character, though bamboo is denser than wood, its chips float for a longer time. 
Because the penetration of tissues by the cooking chemicals can not occur until the 
whole of this air is expelled. This will results in irregular digestion of bamboo chips. 
So unlike wood bamboo has to be crushed to open  the capillary tubes and expelling 
their air content (Ramadorai 1991). 
 
2.1.3 Cell Wall Organization 
The primary wall is the first wall proper formed in a developing cell and is the only 
wall in many types of cells. It contains cellulose, hemicelluloses and some pectin. 
The cellulose fibrils in the primary wall are arranged in thin crossing layers. Cellulose 
molecules are  combined into an elementary microfibril. The existence of units 
intermediate between the microfibrills and the cellulose molecules is recognized 
(Fig.3) The secondary wall follows the primary wall in the order of appearance. It 
consist mainly of cellulose or of varying mixture of cellulose and hemicelluloses. The 
secondary wall could be divided into three layers: first secondary wall (S1) with a 
gentile helical slope of the fibril. Changes in the angle and differences in packing of 
the fibril results in lamella structure of the S2, A third secondary wall layer (S3) is 
present in parenchyma cells where a fibre of monocotyledons such as bamboo may 
have four or more secondary layers. The elementary fibrils are surrounded by a para-
crystaline cellulose. The fibrillar system of cellulose capillaries in interpenetrated by 
system of various sizes. S1 is of a particular interest from a pulping point of view, 
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since it’s the first part of the fibre wall to come in contact with cooking liquor. On the 
other hand the primary wall (P) has a very limited swelling capacity and burst on 
treating of the fibre with swelling agent. It is removed in the early stages of beating a 
paper pulp (Rydholm 1965). 
 
 
Figure 3. Interpretation of wall structure (Esau 1965) 
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2 FIBRE MORPHOLOGY 
Fibre morphology is important in deciding the techno-commercial suitability as well 
as the method of pulping. Morphological characteristics, such as fibre length  and 
width, are important in estimating pulp quality of fibres (Wood 1981). In pulp 
technology the word fibre is used for all sorts of structural elements in wood and in 
other pulping raw materials as demonstrated in Figure 4. 
 
Fig. 4 The main wood elements (Rydholm 1965) 
(a)  Spruce tracheid (×55) 
(b) Pine trachied (×55) 
(c) Birch libriform fibre (×55) 
(d) Birch vessel element (×55) 
(e) Spruce ray parenchyma cell (×242) 
(f) Spruce ray trachied (×242) 
 In fibres suitable for paper production, the ratio fibre length to width is about 100:1 
(Hurter 1988, Hunssigi 1989, McDougall et. al.1993). Fibre length and width of non-
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woody species vary depending on plant and the plant part from which the fibre is 
derived (Iivessa and Pfaffli 1995).The Average fibre length ranges from 1mm to 
30mm, being shortest in grasses and longest in cotton. The average ratios of fibre 
length to diameter range from 50:1 to 150:1 in non-wood species (Hurter 1988). 
Lumen size and cell wall thickness affect the rigidity and strength of the papers 
(Hurter 1988. Fengel and Wegener 1989, McDougall et al. 1993). Generally, long-
fibred materials with high cellulose content, low lignin, extractives and ash contents 
are preferred. Fibre length influences the tearing, burst and tensile strength properties 
of sheets. Properties like lumen and fibre diameter as well as their ratio (flexibility 
coefficient) and the wall thickness are known to affect the pulp strength. 
 
Fibre dimensions indicate the suitability of a fibrous raw material for producing pulp. 
Generally, the average fibre length of soft woods, hardwoods and bamboos is 3.5, 1.3 
and 2.7 mm respectively. It varies within and between species as well as within trees 
and due to different locations. The fibre length is roughly 100 times longer than its 
diameter. The average fibre length of grass fibre is 1-3mm (Robson and Hague 
1993.Iivessalo-pfaffili 1995) and the ratio of fibre length to width varies from 75:1 to 
230:1 (Hurter 1988). The fibre length influences mainly pulp strength, the tearing 
resistance in particular and to a lesser extent, the burst, tensile and the fold. The fiber 
length of bagasse is around 1.7 mm. Thus bagasse  proved to be a suitable fibrous raw 
material for pulping. 
 
Properties like fibre diameter and lumen diameter, if considered individually, have no 
appreciable influence on pulp strength, but the cell wall thickness is known to 
improve the paper strength. Flexibility coefficient influences tensile strength and, to 
some extent, the burst strength also, while the relative fibre length influences tearing 
resistance (Siddique and Chowdhury 1982) . The Runkel ratio (cell wall thickness to 
lumen diameter) gives an indication of suitability of fibres for paper making (Runkel 
1949). Fibre length is an exceedingly important index of fibre quality, but it is 
subordinate to the wetting or fibrillating qualities, since adequate sheet strength can 
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be obtained only by means of a high degree of fibre-to-fibre bonding, which prevents 
the fibres from slipping past one another (Casey 1967). 
 
 
2.3 CHEMICAL COMPOSITION 
 
Nonwood  fibers are high in ash content, low in lignin, and rich in pentosans 
compared to coniferous wood. Silica (a major  portion of the ash content) is present to 
the extent of 12 to 18% in rice straw, 6 to 7% in esparto, 4 to 6% in wheat straw, 4 to 
5% in reeds, 2 to 3% in bamboo, 1.5 to 2% in well- depithed bagasse, and 2 to 2.5% 
in upgraded bast and leafy  fibers.  A high portion of the silica is dissolved in alkaline 
pulping and appears in the spent liquor, where it creates sever operating problems at 
various stages of the recovery operation (Rydholm 1965). The depithed bagasse 
contains 1 -1.5 % ash ( Krishnamachari et al 1991). 
 
 The chemical composition of grasses does not deviate materially from that of 
hardwoods. Lignin content is lowest for rice straw, only 12%, whereas a normal 
figure for cereal straw on average is 16%.Bagasse contains about 20% lignin and 
bamboo has the highest lignin content of all grasses (up to 30%).The pentosan 
content is about 26-27%. Grasses contain a good deal more ash than wood. Whereas 
wood contains about 0.3% ash, of which only 25% is silica.. Rice straw has as much 
as 18% ash. The high silica content introduces some problems in straw pulping, such 
as difficulties in utilizing straw for rayon pulps and regeneration of kraft pulping 
chemicals (Rydholm 1965). The chemical composition of bagasse varies somewhat 
from country to country depending upon the soil, the climate , the length of the 
growing season (Atchison 1987a).  
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Cellulose is the principal component in the cell wall and in the fibres. The non-
cellulose components of the cell wall  include hemicelluloses pectins, lignin and 
proteins (Hartly 1987:Taiz and Zeiger 1991). 
 
The amount and composition of cell wall components differ among plant species and 
even among plant parts and they affect the pulping properties of the plant material 
(McDougall et al 1993). Some of the non-woody fibre plants contain more pentosans 
(over 20%), holocellulose (over 70%) and less lignin content (about 15%) as 
compared with hardwoods (Hunsigi 1989). They have also high hot water solubility, 
which is apparent from the easy accessibility of cooking liquors. The low lignin 
content in grasses and annuals reduces the requirement of chemicals for cooking and 
bleaching (Hunsigi 1989). Except  for the fibrous material, plants also contain 
mineral compounds, while the inorganic compounds are essential for plant growth 
(Mitscherlich 1954; Epstein 1965; Marschner 1995), they are undesirable in pulping 
and papermaking (Keitaanniemi and Virkola 1978; Keitaanniemi andVirkola 1982; 
Jeyasingam 1985).     
 
 The dominating ash components are alkali silica which combined with carbohydrates 
component in ester linkages, or deposited  as silica crystals, as in cereal straw (2-
20%) (Rydholm1965). The ash content of wood, about 0.3% indicates a certain 
amount of mineral constituents, such as metals and silica (Rydholm1965). 
Hot water solubility of bamboo is almost double that of softwood indicating the 
presence of large quantities of soluble sugar. Alcohol benzene solubility of bamboo is 
also much higher than that of softwood and hardwood indicating the presence of more 
extractives (Ramadorai1991). Straw has a low cellulose content, but the total 
holocellulose content is approximately equal to that of wood. Straw contains a high 
percentage of pentosans and a low percentage of lignin compared to wood. The ash 
content of straw is invariable higher than that of wood. 
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Processes for transforming non-wood raw materials are generally similar to those 
used to deal with wood. Table3 shows the main constituents of some non-wood 
fibrous raw material compared to wood. Some specificities of non-wood material 
some times involve adaptations of the standard processes, especially for handling and 
initial preparation (FAO, 1996). 
 
 
Table 3. Concentrations of important chemical constituents in various fibre source 
(FAO,1996) 
Component
Material
Cellulose
(%) 
Pentosan 
(%) 
Lignin 
(%) 
Ash 
(%) 
Silica 
(%) 
Softwood
Hardwood
Cotton Linters
Flax
Hemp
Jute
Rice straw
Cereal straw
Bomboo
Esparto
Bagasse
 
40-45 
40-45 
80-85 
70-80 
65-75 
60-65 
25-35 
35-50 
35-55 
50 
30-40 
7-14 
19-26 
- 
- 
- 
- 
25 
25-30 
16-30 
27-32 
25-32 
20-35 
20-25 
3 
- 
- 
- 
12 
15-20 
22-30 
17-19 
18-20 
0.3 
0.4-0.8 
1-1.5 
0.7-1.3 
1.0 
0.7 
14-18 
6-8 
1-5 
3 
2 
0.006 
- 
- 
- 
- 
- 
6-8 
2.5 
- 
- 
1.5-2 
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2.3.1 Main Chemical Components 
 
Cellulose is the main constituent of the fibrous part of plants, the most widely 
distributed natural polymer, which serves as structural support. It is the principal 
component of plant fibres  used in pulping. It is the most abundant form of the 
naturally occurring compounds of carbon. This forms the principal component of the 
cell wall of all woods, straws and grasses (bamboo). Cellulose molecule contains 1,4-
β-D glucosidic bonds, between the unhydroglucose monomer   ( Rydholm 1965; 
Aspinall 1980, Smith 1993 ). It occurs in the form of long chain molecules and the 
crystalline or paracrystaline properties of cellulose are a result of an orderly 
arrangement of cellulose molecule within the fibrils (Esau 1965). Each fibril contains 
from 30 to several hundred polymeric chains that run  parallel with the laterally 
exposed hydroxyl groups. These hydroxyl groups take part in hydrogen bonding, with 
linkages both within the polymeric molecules and between them (Philip 1992).  
 
The cellulose content of a plant depends on the cell wall content, between plant 
species  ( Hartley  1987, Hurter 1988) and varieties (Khan et al 1977). The age of the 
plant (Gill et al. 1989, Grabber et al. 1991) and plant part (Grabber et al. 1991, 
Theander 1991) also affect the cellulose content. Annual plants generally have about 
the same cellulose content as woody species (wood 1981), but their higher content of 
hemicellulose increases the level on the basis of cellulose content alone (wood 1981). 
The cellulose and alpha- cellulose content can be correlated with the yields of 
unbleached and bleached pulps, respectively (Wood 1981). 
 
The isolation of cellulose is rather complicated in case of wood . The usual procedure 
is to carry out delignification in which resin is extracted by organic solvent, lignin in 
removed by oxidation with chlorine, acidified chlorite or chlorine dioxide, and finally 
the hemicelluloses are extracted by alkali (Rydholm 1965). 
 
 Like all carbohydrates, the cellulose molecule is capable of reactions at its functional 
groups. The hydroxyl groups react with addition, substitution and oxidation agents 
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and the acetal groups undergo hydrolysis in both acid and alkaline media. The 
aldehydic end groups can be reduced to alcoholic groups, oxidized to carboxyl groups 
or rearranged under the influence of alkali to form either alcohol or carboxyl end 
groups (Rydholm 1965). 
 
Hemicelluloses are assigned to Poly saccharides other than cellulose which were 
degraded by acid hydrolysis more rabidly, and extracted with alkali solution to a 
larger extend than in cellulose (Rydholm 1965). Hemicelluloses are likely to be 
located throughout the cell wall, as well as the middle lamella, but predominantly in 
the outer part of the cell wall (Rydholm 1995). 
 
 Hemicelluloses consist of a heterogeneous group of branched polysaccharides . The 
specific constitution of the hemicelluose polymer depends on the particular plant 
species and on the tissue. Glucose, xylose and mannose often predominate in the 
structure of the hemicellulose (Philip 1992), and are generally termed glucans. The 
hemicellulose fractions which contain xylose (and uronic acid) units are often termed 
‘xylans’ or more loosely ‘pentosans’. Those contain mannose units linked to each 
other and to glucose units have been referred as ‘mannans’. (Smith 1993). Xylans are 
the most abundant noncellulose polysaccharides in the majority of angiosperms, 
where they account for 20 to 30% of the dry weight tissues (Aspinall 1980). They  are 
mainly secondary cell wall components, but in monocotyledons they are found also in 
the primary  cell walls (Burke et al. 1974), representing about 20% of both the 
primary and secondary walls. In dicots they amount to 20% of the secondary walls, 
but to only 5% of the primary cell walls. Xylans are also different in monocots and in 
dicots (Smith 1993). In gymnosperms where galactoglucomannans represent the 
major hemicellulose, xylans are less abundant (8%)(Timell 1965). 
 
Hemicelluloses are structurally related to cellulose and their reactions are also 
similar. Like  cellulose, the hemicelluloses form addition compounds at their 
hydroxyl groups which can be substituted to ester and ether groups, can undergo 
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oxidation to keto- and aldo-compounds which are degraded by alkali already in cold, 
wheras further oxidation leads to alkalisoluble carboxyl- containing compounds. 
 
Lignin is the third main wood component occurs in amounts between 20 and 35% of 
the wood weight and its content varies with species, rate of growth, amount of 
reaction wood, etc. Lignin is the cementing substance between fibres and tissues and 
is concentrated mainly in the region of the middle lamella and imparts rigidity to 
wood tissue. Lignin is the most abundant organic substance in plant cell walls after 
polysaccharides. Lignin exists in wood or bamboo as branched-chain polymer 
molecules. Lignin is a system of tridimentional polymers, which permeates the 
membranous polysaccharides and the spaces between the cells, thereby strengthening 
them. The chemical skeleton of lignin is a phenylpropane or a "C6 – C3" or a "C9" 
type. Lignin units are linked together in the molecules in a variety of ways, the basic 
structure is  further complicated by the presence of additional hydroxide groups, 
carbonyl groups, double bonds etc. Lignins are highly branched phenolic polymers 
and constitute an integral cell wall component of all vascular plants (Grisebach 1981). 
The structure and biosynthesis of lignins has been widely studied (Grisebach 1981; 
lewis and Yamamo 1990; Monties 1991 and whetten et al. 1998).  A great variation 
in lignin structure and amount exists among the major plant groups and among 
species (Sarkanen and 1971. Gross 1980). Great varition in lignin structure and 
amount exists also among cell types of different age within a single plant (Albrecht et 
al. 1987, Buxton and Russel 1988, Jung 1989), and even between different parts of 
the wall of a single cell (whetten et al. 1998). Gymnosperm lignin contains guaiacyl 
units, which are polymerized from coniferyl alcohol, and a small proportion of p-
hydroxyphenyl units (H-units) formed from p-coumaryl alcohol. Angiosperm lignins 
are formed from both syringyl units (S-units), polymerized from sinapyl alcohol, and 
G-units with a small pro- portion of H-units (Sarkanen and Hergert 1971, whetten et 
al. 1998). Syringyl lignin increases in proportion relative to guaiacyl and p-
hydroxyphenyl lignins during maturation of some grasses (Carpita 1996). In grass 
species the total lignin content varies from 15 to 26%  ( Higuchi et al. 1967). For reed 
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canary grass only 1.2% (Burritt et al. 1984). In grasses and legumes lignins are 
predominantly formed from coniferyl and sinapyl alcohol (Buxton and Russel 1988). 
Lignins are considered to contribute to the compressive strength of plant tissue and 
water impermeability of the cell wall. Lignins aid cells in resistance to microbial 
attack (Taiz and Zeiger 1991, Whetten et al. 1998), but they do not influence the 
tensile properties of the cell wall (Grisebach 1981). 
 
The lignin may be separated from an associated wood component either by 
preferentially dissolving lignin or by preferentially dissolving non-lignin components. 
Isolated lignins, in general, are amorphous and non-crystalline. Isolation procedure of 
lignin may be divided into procedures which depend upon the removal of cellulose 
and the other constituents of wood by chemical treatment leaving the lignin as 
insoluble residue ,or procedures which selectively dissolve the lignin away from 
cellulose and other substances with which it is associated. Practically it is impossible 
to isolate two lignin preparations with identical properties  even by the same 
procedure ( Pearl 1967). 
 
Reactions of lignin include sulphonation, hydrolysis, alcoholysis and oxidation. Other 
reactions include nitration, gelation of lignosulphonates, reactions with diazo 
compounds, as well as methylation and degradation under pressure (Pearl 1967).  
 
2.3.2 Extraneous Matter  
In addition to the structural compounds, wood also contains smaller amount of minor 
or extraneous (extractives and inorganic) compounds, which do not form part of cell 
wall structure but probably are present as cell contents or deposited within the cell 
wall. They may be extracted to a large extend  by inert solvents. They vary from less 
than 1% to 20% or even to 30% or more by weight of wood, and include many 
different classes of organic compounds ranging from relatively simple molecules , 
such as sugars and phenols, to highly complex colouring matters, tannins, resins, 
alkaloids, terpenes etc. In most tree species extractives are found principally in the 
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heartwood and present in much smaller amount in the sapwood (Rydholm 1965).The 
extractives are virtually concentrated in the medullary rays and other parenchyma 
cells, as well as in the resin ducts. They have two main functions, namely as a reserve 
food and as a protective substance those (Rydholm1965).  
The wood extractives can be classified into: 
  -  food reserves (fatty acids) 
  -  protestants (terpenes, resin acids, phenols) and 
  -  plant hormones (phytosterols) (Rydholm1965). 
A few of the wood extractives, notably the tannins, turpentine and rosin, are 
important  for industries (naval stores). Extracts of heartwoods of certain hardwood as 
well as bark of various species provided tannins which are important in tanning  
leather. The mineral (inorganic) constituent of wood usually correspond to less than 
1% of ash substance. Most of them are present in combination with organic 
compounds and have physiological functions. The bark may contain more mineral 
than wood. Most of mineral constituent are located at the middle lamella and primary 
wall, but also the secondary wall yields ashes (Rydhm 1965). 
The significance extractives to pulp and paper industry can be summarized as 
follows: 
-  reduce penetrability of pulping liquor, some reduce lignin solubility and some            
cause liquor decomposition, 
-   some accelerate digesters corrosion, eg. tropolone, polyphenols and organic acids, 
-   affect pulp properties, 
-  number of difficulties associated with the high extractives content of wood have         
been encountered in the digesters and in the spent liquor heat and chemical recovery 
sections (Hillis,1962). 
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2.4 PULPING 
Pulping is the separation of fibres and other cells from the lignocellulosic raw 
material. This is accomplished the treatment of a fibrous raw material mechanically 
chemically or by combination of both ( FAO 1973; Hurter 1988; Paavilainen 1996) . 
Paper pulping is actually an aggregation of cellulosic fibres that are liberated from the 
plant material. 
 
The Chinese established a paper mill at Samarkand sometime during the 6th century. 
In AD795 the Arabs introduced the process and developed it further in their own 
country. The process was introduced into Europe through the crusaders, who visited 
Palestine and Syria during the 12th century, and later many improvements were 
incorporated. The first paper mill in Germany was erected in 1336 and in England in 
1498. The first paper mill in the United States was established in Philadelphia during 
1696. In 1798, Louis Robert, a printer’s helper, invented a machine that would make 
paper in lengths of 12- 15 meters. The invention of the ‘fourdrinier’ machine during 
the 19th century and the ‘cylinder’ machine during 1809 marked revolutionary 
changes in the art of paper making. 
 
One of the main problems in pulping  non-wood plants is the high concentration of 
silica. In alkaline pulping, silica dissolves into the cooking liquor and when the black 
liquors are evaporated for recovery , the concentration of Sio2 increases to such an 
extent that it may cause problems in the process. Several desilication methods  (Judt 
1991) have shown that removal of Sio2 is possible, but they are seldom used in small 
pulp mills, where most commercial non-wood pulp is produced (Sadawarte 1995). 
Non-wood pulp is considerably more difficult to wash than wood pulp, thus washing 
requires 25 to 30% more water than for wood (FAO, 1996). 
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 The processes used for the pulping of grasses are similar to those of wood pulping, 
but with deviations motivated from the differences in the dimensions, structure and 
chemical composition of the materials as compared with wood (Rydholm1965). 
 
 2.4.1 Pulping Processes Classification 
 
Pulping can be carried out through various processes, which use mechanical, 
chemical or both mechanical and chemical ways to transform raw material into fibres 
(FAO 1996). Mechanical or ground wood pulp is made either by pressing the wood 
against a revolving grinding stone or by passing chips through a mill, while water is 
sprayed. Chemical pulp is produced by cooking fibrous raw materials in chemical 
solutions to dissolve the lignin –binding material by loosening the fibres (UNEP, 
1982). Process which involve both chemical and elaborated mechanical treatment  
have been called semi-chemical, chemi-mechanical. 
 
 Chemical pulping has comparatively high wood consumption, with yields ranging 
approximately from 35 to 55% of the wood. Mechanical pulping gives nearly 
quantitative yield but causes rupture to the fibre walls and gives pulp which contains 
substances of little value for many purposes (Rydholm 1965). 
Table 4 shows the different pulping processes and their classifications (FAO,1973). 
The types of mechanical pulping process currently used are: 
-    stone ground wood pulp (SGWP) 
-    refiner mechanical pulp (RMP) 
-    refiner ground wood pulp (RGWP) 
-    chemi-mechanical pulp (CMP) 
-   thermo-mechanical pulp (TMP) 
-   chemi-thermo-mechanical pulp (CTMP) 
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Table 4. Pulping process(FAO 1973) 
    
Mechanical pulping reduces the wood to macerated cellulosic fibres which are 
generally damaged and still carry non-cellulosic components. Due to this particularly, 
the yield of mechanical pulping is very high. conversely, chemical pulping dissolves 
all non-cellulosic wood components in liquors;  thus yields are lower than in 
Class  Mechanical  Wastepaper  
 
 
  
Chemimechanical 
Semi 
chemical 
High yield 
bisulphite 
Chemicals  
Typical 
processes  
Stone ground 
wood 
 chip refiner 
groundwood   
Re pulping 
waste paper  
Great northern 
storabrite cold 
soda  
Neutral 
sulphite semi 
chemical 
NSSC   
Arbiso  Sulphite 
magnefite 
sulphate 
(Kraft) sivola 
stora 
Kopparberg    
Yield of 
fibre % 
90-95  65-90  80-90  
 
 
60-85 65-75  43-55 
Preferred 
species  
Conifers 
 (poplars,           
eucalypts 
other hard 
woods) wood 
residues  
Mixed waste 
paper segregated 
wastepaper old 
corrugated 
boxes 
 kraft waste old 
newspapers  
Hard woods 
 ( softwoods )  
Hard woods 
 ( softwoods)  
Conifers  Almost any  
Pulping 
chemicals  
None  Alkali 
detergents  
Sodium sulphite 
or sodium 
hydroxide  
Sodium 
sulphite or 
ammonium 
sulphite  
Sodium 
bisutphite  
Calcium 
magnesium 
sodium or 
ammonium 
sulphites 
plus 
sulphurous 
acid 
 or 
 sodium 
hydroxide 
plus sodium 
sulphide  
Bleaching 
chemicals  
None or 
hydrosulphite 
or peroxide 
and 
hydrosulphite  
None or 
hydrosulphite  
None or 
hydrosulphrite 
None or 
hypochlorite 
 Chlorine 
sodium 
hydroxide 
and 
hypochlorite 
with or 
without 
chlorine 
dioxide or 
peroxide 
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mechanical pulping (FAO, 1996). The pulp yield (defined as the weight of oven –dry 
wood fibres produced from unit weight of oven dry wood) of these processes is very 
different as shown in Table 5.                                                                                                                      
Table 5.Typical pulp yields (FAO,1996) 
Pulp process 
 
Yield 
 % 
Unbleached kraft
Bleached kraft
Dissolving sulphite
Low yield sulphite
Medium yield sulphite
High yield sulphite
Chemi-thermomechanical pulp
Thermo- mechanical pulp
Stone ground wood
 
50 - 55 
43 – 48 
33 – 40 
46 – 55 
55 – 65 
65 – 80 
80 – 90 
91 – 95 
94 - 96 
 
Pulping in the above covers the complete operation from raw material preparation to 
bleaching, and thus includes screening, washing and cleaning operations. 
 
 The most important industrial semichemical process today is the NSSC (neutral 
sulphite semichemical) process, which involves impregnation with sodium sulphite 
liquor, cooking temperature between 160-190 oC and defibration by disk refiner 
(Marteny 1980; Atchison1987b). 
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In the chemimechanical process (CMP), mechanically destructed chips are 
impregnated with alkaline peroxide liquor (NaOH/H2O2) at 40-60 0C at atmospheric 
pressure for 1.5–2 hrs before low- consistency (5%) refining. 
Chemithermomechanical pulp from Oxytenanthera abyssinica  is characterized with 
higher mechanical properties due to presence of longer fibres compared to Eucalyptus 
camaldulenses .The unbleached bamboo pulps can be used alone or mixed with 50% 
kraft cellulose for the production of packaging paper (Khristova et al.1981/82).  
In production of CTMP, wood chips are in a first step impregnated with chemicals 
and preheated in order to soften the wood and facilitate the following defibrationand 
refining into a pulp with good fibre bonding ability (Peng and Simonson 1989a). 
Mechanicalpulping of hardwood and annual plants in the form of bagasse has been 
performed using combinations of sodium hydroxide and sodiumsulphite as well as 
hydrogen peroxide (Peng and Simonson 1989). 
 
Chemical pulping employs chemical reagents to effect a separation of the cellulose 
fibres from other wood components. Wood chips are cooked with suitable chemicals 
in aqueous solution, usually at elevated temperatures and pressures. The objective is 
to dissolve the lignin and other extraneous compounds, leaving the cellulose in 
fibrous form. The kraft or sulphate process and soda are two principal alkaline 
pulping techniques and the basis for several modified alkaline process. The next most 
important one is the sulphite process. The kraft pulping process has come under 
pressure with increased environmental awareness. The offensive smell originating 
from kraft mills has long been an annoyance (Kringstad & Lindstrom 1982). The 
soda process is still an important process for the production of non-wood fibres pulps. 
The application of additives such as anthraquinone (soda-AQ process) and the 
development of soda-based oxygen delignification procedures (soda-oxygen process) 
will increase the importance of these sulphur- free processes in the future (Mortimer 
and Fleming 1981; Irving and Nelson1986;Holton 1977; Khristova et al 1997,1998 
Khristova and Karar 1999). 
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The deficiencies of the conventional pulping methods were the impetus to develop 
new process, mainly based on the use of organic solvents (Johansson et al 1987). 
 
The non-conventional pulping processes include well-known pulping principles, 
which are, however, only rarely applied commercially. Their industrial application is 
often limited by high costs of chemicals and special equipment requirements. 
However, they posses the advantage of more environmental friendliness techniques. 
Many names could be listed for such type of pulping: peracetic acid pulping, nitric 
acid pulping, dimethyl-sulphoxide (DMSO), phenol pulping, holopulping, 
hydrotropic pulping  bio-pulping and organosolv pulping. Seven organosolve 
processes have been the subject of investigation:  Acetosolv/  Acetocell, Mlbox/ 
Formacell, Batelle- Geneva Phenol, Alkaline Earth Metal Solvent (AEMS), Alkaline- 
sulphite-anthraquinone with methanol (ASAM), Alcohol-cellulose (ALCELL).  
 
2.4.2 Alkaline Pulping 
Alkaline pulping is the most commonly used method for pulping grasses 
(Rydholm1965). In kraft (sulphate) and soda cooking, sodium hydroxide is the 
principal cooking chemical, while in sulphate pulping sodium sulphide is an 
additional pulping component.  The chemical composition and physical properties of 
alkaline pulps depend on the raw material and the pulping conditions. Unbleached 
alkaline pulps usually have a dark colour which is mainly caused by chromophoric 
groups in the residual lignin. Excellent strength properties are the characteristic of 
kraft pulps and kraft pulps will remain the dominant component in strong paper 
grades (Rydholm 1965). 
 
 Lignin removal starts from the early beginning of alkaline pulping (bulk 
delignification) while an increase of polysaccharides removal and a very significant 
decrease of lignin extraction are produced only at the end of pulping ( residual 
delignification) (Sabatier 1993). 
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Compared the kraft ,kraft-AQ, polysulfide (PS) and PS-AQ processed ill shorten 
cooking time and increase mill capacity. In addition, compared with the kraft and 
kraft-AQ processes, the PS and PS-AQ have lower cellulose degradation rates. The 
PS-AQ process has the best pulping selectivity( Li et al 2002). 
 
2.4.2.1 Soda Pulping  
 
Soda process, the first process to manufacture chemical pulp, was invented by Hugh 
Burgess in 1851, employed caustic soda (sodium hydroxide) solution for cooking. 
The soda pulp is of relatively low strength and use of the process is limited to 
manufacture of filler pulps from hardwoods, which are then mixed with a stronger 
fibre for printing papers. The soda process is a common method for producing non-
wood or straw pulp (Paavilainen et al.1996). In the soda process the cooking 
chemical is mainly sodium hydroxide. This process leaves more insoluble 
carbohydrates in pulp and gives a better pulp yield than  kraft method .However, the 
strength properties and lignin content are similar in pulps produced with the soda and 
the kraft processes (Ranua et al.1977 ). The soda process was the basis for the 
development of the straw pulping industry in Europe (Ranua et al.1977).  
 
 The sulphur free soda-AQ pulping method is an alternative to the kraft process. 
(McLeod 1979).The soda-oxygen pulping of bagasse and rice straw under mild 
conditions was investigated. The loose structure of these raw materials makes it 
possible to accomplish oxygen pulping in one step without fiberization, in contrast to 
wood which requires two steps. Soda-oxygen pulping gives higher yields and lower 
lignin contents than soda pulping. Strength properties of the oxygen pulps are a 
function of oxygen pressure. Optimum strength properties are obtained at 5 kg/cm2 
oxygen pressure( El-Ashmawy et al 1977). 
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The advantages stated for soda-AQ wood pulping are: High yield, decreasing 
carbohydrates degradation and acceleration of the rate of delignification, have been 
found true for bagasse soda-AQ process (Tapanes et al. 1984). 
 
2.4.2.2 Kraft pulping 
 
Kraft pulping is the predominating process for the production of chemical pulp.The 
pulping treatment involve the heating of wood chips in an aqueous solution of sodium 
hydroxide and sodium sulphide from approximately 70 oC to cooking temperature 
about 170 oC, followed by a 1-2 h cooking period (Rydholm 1965; Annergren 1980). 
During this treatment lignin is extensively degraded and the degradation products are 
dissolved. The carbohydrates, in particular hemicelluloses, undergo partial 
degradation and dissolution. Extractives are to a larger extend removed (Gierer and 
Lindburg 1980; Girer et al. 1973). The undesirable breakdown of hemicelluloses is 
largely avoided by adding Na2S in the solution, and in this way a very high 
concentration of NaOH can be avoided in the pulping liquor (McDougall et 
al.1993).The kraft process produces papers with increased fibre strength and density 
and low electrical  conductivity (McDougall et al.1993). 
 
The various reactions of lignin during kraft pulping can be divided into two 
categories: 1) degradation reactions which lead to the liberation of lignin fragments 
and ultimately, to their dissolution, and 2) condensation reactions which increase the 
molecular size of lignin fragments and may results in their precipitation. Although 
having an opposite effect, these two types of reactions are intimately connected with 
each other (Gierer 1980). 
 
The kraft pulping process has come under pressure with increased environmental 
awareness (Sarkanen et al 1970). In contrast to sulphite pulping, kraft pulps can not 
be fully bleached without the use of chlorine containing compounds. Therefore, 
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chlorinated organics are formed which have determental effect on the environment 
(Kordsachia and Patt 1991). 
  
Philippine bamboo, which have higher ash and lower lignin content than Indian 
bamboo are easily cooked under mild cooking conditions to a permanganate number 
of 13-18 and a screened pulp yield of 41-48%. Taiwan bamboo species are pulped by 
sulphate process with 25% sulfidity using: 
-   Alkali as Na2O, 13, 15, 17% 
-   Liquor ratio 4:1 
-  Digestion temperature 160-165 oC 
-  Yields vary from 42 to 48%. 
 
 In high-yield kraft or sulphate pulping, the typical kraft process is modified either by 
reducing the charge of chemicals by about one-half or by decreasing the cooking time 
and temperature. The yields are generally between 55 and 65 per cent, but even up to 
80 per cent are also possible. Usually high-yield kraft pulps have lower strength 
values and are darker than normal kraft pulps and NSSC pulps.  
A trial of mixing sodium sulphite and sodium sulphide in the kraft-sulphite pulping 
process of bagasse is 20% sulphite concentration from the sulphide content in the 
presence of 0.1% AQ (Nada et al. 1998b). 
Bamboo (Bambusa procera acher) was delignified in a laboratory-scale digester by 
conventional kraft pulping under varying conditions. Pulps with kappa numbers in the 
range 12.9–56.3 and viscosities in the range 871–1319 ml/g were obtained (Alén and 
Pakkanen 2003). Unbleached kraft pulps with kappa number of 18–30 are normally 
made from bamboo (Bhargava, 1987). 
 
2.4.2.3 Alkaline Sulphite Pulping  
 
Sulphite pulping involves heating the raw material in a solution of Na  HSO3 and/or 
Na2SO3 (Costantino et al.1983). Sulphite pulp is, however, still used to produce 
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papers with specific properties such as sanitary and tissue papers, which must be soft, 
absorbent and moderately strong (Mc Dougall et al.1993). 
 
The main advantages of sulphite pulps over kraft pulps are: the higher yields for 
softwood at a given kappa number, lower chemical consumption, higher brightness of 
unbleached pulps, higher flexibility of bleaching, fewer pollution problems and 
higher flexibility in pulp yields and grades. Two main factors have made the sulphite 
industry less capable of competition, namely its selectivity to the wood raw material, 
and the difficulty in recovering the cooking chemicals, and utilization its waste 
products, which correspond to half the wood substance (Rydholm 1965; Fengel and 
Wegner 1989). The crucial drawbacks of the sulphite pulping process are the 
limitation on wood species with low content of resins and phenolic extractives of the 
pulps (Sarkanen et al 1970). The brightness values of  unbleached sulphite pulp are 
generally higher than kraft pulps. The strength properties of alkaline sulphite pulps 
attain those of kraft pulps (Wandelt and Fossum et al.1980).  
 
 In al alkaline sulphite pulping Na2SO3 and NaOH are applied in different ratios 
(80/20%-70/30%) and even 09/10 respectively. Na2CO3 can be used instead of 
NaOH. The liquor-to raw material ratio of 4:1 is used at normal cooking conditions 
with variation in maximum temperature (175-180) and cooking time of 2-3 hours. K-
based sulphite pulping is very competitive with the traditional Na-based system and 
bagasse pulps with high yield, good strength and good bleachability can be produced 
by neutral or alkaline potassium sulphite pulping (Zhan.et al 1995). 
 
High yield sulphite pulping (HYSP) derived from the basic sulphite pulping, the 
variation involves less steam pollution. The raw acid is SO2 dissolved in water, 
generally mixed with combined SO2. Delignification is made by sulphonation and 
hydrolysis (FAO,1996).  
 
 
 
37
The ASAM ( alkaline- sulphite –anthraquinone and methanol) process is an 
interesting pulping alternative. It combines the strength of kraft pulps with the easy 
bleachability of sulphite pulps and moreover, permits delignification to very low 
kappa numbers (Patt and Kordsachia 1986; Patt et al. 1987; Kordsachia and patt1988; 
Kordsachia et al. 1990,1992). 
 
2.4.3 Alkaline Pulping with Additives 
 
Anthraquinone, as an additive in alkaline pulping has a catalytic role in accelerating 
the rate of delignification besides enhanced oxidative stabilization of the reducing end 
groups in carbohydrates (Holton and chapman 1977,Ghosh et al 1977b, Lowendahl 
and Samuelson1978, Mcleod et al 1980). There are two effects from which all 
possible applications of anthraquinone derive: 
- acceleration of alkaline pulping,  
- carbohydrates stabilization with yield preservation (Blain,1993) 
The application of additives such as anthraquinone and polysulfide improve the 
selectivity of kraft cooking. 
Using amines as additives in alkaline pulping allowed delignification rate and tearing 
strength. This results can be explained by the superbasic properties of water-amine 
solutions and secondly the swelling which increases fibre flexibility. 
In the ASAM process, methanol is used as an additive together with AQ to improve 
the alkaline sulphite pulping.   
 
2.4.3.1 Anthraquinone Pulping   
 
Anthraquinone (AQ) is an organic powder, insoluble in most organic solvents, but 
when it is reduces it becomes soluble in alkali .AQ  has zero toxicity and no adverse 
environmental effects (Hanson and Micheals 1981; Blain 1993). 
AQ being described as a redox catalyst in alkaline liquor system (Fleming et al. 
1978). 
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The use of anthraquinone (AQ) as an additive in the alkaline pulping processes is 
found to have the benefits of increased delignification rates as well as reduced alkali 
charges and improved pulp properties and yields 
.  
By addition of 0.05 % AQ in soda pulping, the cooking time is reduced by 25-35 per 
cent and the alkali charge by 5 per cent while yields increase by 1.5-3 per cent at the 
same residual lignin level and comparable strength properties are obtained as in 
conventional kraft pulping. 
 
 Soda-AQ pulping gave 2-3% higher yield and better quality pulp at 2-3% less alkali 
consumption compared with the reference soda pulping (Khristova  and Karar 1999). 
A small quantities of AQ (0.05-0.25%) or its derivatives (0.05-0.92% on oven- dry 
wood) to soda liquors increases the rate of delignification and give high pulp yield 
and strength properties similar to those obtained by the kraft pulping (Borhan et 
al.1995; Wearing 1996; Dimmel 1985; Evan et al 1987; Lowendahi and Samuelson 
1978 and). However, the soda-AQ pulp paper properties tend to be slightly inferior to 
those of kraft pulps, mainly the tear index value (Hanson and Odeymi 1984). 
 
Many publications are available on soda-AQ pulping of different softwoods and 
hardwoods ( Li et al.1984; Alekseev et al 1983; Nelson and Irvine 1989; Fossum et 
al.1980; Deineko and Nikandorov 1988; Khristova et al.1990:1995; 1997;2000). 
 
Anthraquinone as an additives during soda pulping of bagasse improves screened 
yield, lower kappa number and has no adverse effect on pulp strength characteristics 
(Sadawarte 1991). 
 
 Higher brightness and lower chemicals consumptions are shown by soda-AQ pulp in 
comparison with soda pulp (Tapanes et al 1984). The advantages stated for soda-AQ 
wood pulping are: high yield, decreasing charbohydrates degradation and accelaration 
of the rate of delignification, have been found true for bagasse raw material soda-
 
 
39
pulping. In addition to a large saving in the bleached production cost (Tapanes et al 
1984). 
 
Anthraquinone was also used in alkaline pulping of non-wood fibrous material such 
as Musa species ( Atchison 1989),  rice straw,bagasse (Meta 1983), cotton stalks  
bamboo, Kenaf (Khristova et al.1998), Karkadeh stems (Khristova and Tissot1998) 
and sorgum stalks (Khristova and Gabir1990). 
 
Anthraquinone has attracted considerable interest particularly in relation to its use in 
soda pulping (Fullerton 1978; Ghosh et al. 1977;Donnini et al. 1983).Compination of 
small amounts of amines with anthraquinone such  as diamino-AQ and 
ethylinediamine anthraquinone (AQ-EDA) Where also tested in soda process 
(McLeod et al. 1979; Wandelt and Surewicz 1983; Blain and Holton 1982;). 
 
2.4.3.2 ASAM Pulping 
The ASAM process has been investigated on a laboratory scale since 1984. Pilot 
plant cooking experiments started at the end of 1989 (Patt et al 1990, Patt et al 1990). 
  
The ASAM process represents a very complex cooking system with some different 
components participating on delignification (Patt et al 1991). It gives better Puthson 
delignification than the kraft process and the pulp yield is higher especially at low 
kappa number. Further more, ASAM pulps exhibit better strength properties and are 
more easily to bleach (Puthson et al 1997). 
 
 Patt and Kordsachia (1988) at the University of Hamburg found that the addition of 
methanol or ethanol to extended the delignification to levels below those of kraft or 
sulphite pulping. they named their process ASAM (alkaline sulphite – anthraquinone 
– methanol cooking). In the ASAM process methanol is used as additives together 
with anthraquinone to improve an already existing process, the alkaline sulphite 
pulping. By this means, a pulping system is created which combines the benefits of 
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both, kraft and sulphite pulping, in particular the universal applicability of the kraft 
process and kraft- like strength properties with the easy bleachability of sulphite 
pulps (Kordsachia & Patt 1988, Kordsachia et al 1990). 
 
Pulp yield is high in ASAM pulping and the carbohydrates dissolution rate is 
relatively low. A combined effect of methanol and AQ is responsible for this 
beneficial effect (Patt et al. 1991).In the final stage of the cook only a 25% cellulose 
loss can be observed. ASAM pulp viscosity is far above the conventional standard. 
This finding also confirms the cellulose stability (Patt et al.1991). 
  
ASAM pulps show excellent strength properties and are easily bleached using 
exclusively chlorine- free chemicals (Kordsachia & Patt 1991). The essential 
advantage compared to kraft pulps is the good bleachability. The higher bleaching 
demand of the kraft pulp results in some viscosity losses, while the viscosities of the 
ASAM pulps remained virtually unchanged during the conventional bleaching 
procedure (Puthson et al1997).This pulping process exhibits fast and selective 
delignification under mild conditions (Nada et al. 1998a). 
 
The greatest advantage of ASAM pulping compared to the kraft process was the 
easily bleachability of the pulps. The good bleaching response allowed the 
application of an absolutely chlorine – free bleaching sequence, without excessively 
impairing pulp strength (Kordsachia et. al. 1992). With the ASAM process 
particularly all kinds of lignocelluloses can be pulped, also softwoods with a high 
content of resins and phenolic extracts. This pulping  process can be employed for 
pulping of non-wood plants, but in this case the use of methanol is not absolutely 
necessary because of the good pulping response of the raw material). Compared to 
soda cookings, ASAM pulping of different annual plants, such as wheat straw, 
elephant grass, and bagasse, results in higher yields and better delignification 
(Kordsachia and Patt 1991). 
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 Many publication on ASAM pulping are available (Patt et al 1987, 1990a,1994; 
Kordsachia et al 1994; Borgards et al 1993). 
 
2.5 PULP BLEACHING 
 
 
The principal goals of chemical pulp bleaching are to remove residual lignin and to 
decolorize the pulp without adversely damaging the cellulosic matrix. Pulps with 
brightness levels above 90 per cent or semi-bleached qualities with brightness values 
in the range of 60-70 per cent could be obtained. 
 
Bleaching remained a one stage process until around 1920, when it was found that 
two –stage hypochlorite bleaching reduced the cost of chemicals. The development of 
multi- stage bleaching father motivated the development of continuous operation in 
bleaching towers, which occurred during the 1930's (Rydholm1965). Chlorine or 
chlorine compounds form the largest group of bleaching agents (Gierer 1990). 
 
 Conventional pulp bleaching processes are based on the use of chlorine and chlorine 
containing compounds like chlorine dioxide or hypochlorite. The spent bleaching 
liquor therefrom cannot be recycled into the chemical recovery system of the mill, 
since the high content of chloride ions would cause invincible corrosion problems. 
This practice is regarded as the most serious pollution problem in the pulp industry 
because not only oxygen consuming substances are dissolved in these bleaching 
effluents but also organochlorinated compounds which are acute or sublethal toxic to 
fish and other aquatic life. Negative environmental impact associated with chlorine 
bleaching led to the development of pulp bleaching technologies, which eliminate the 
use of chlorine-based compounds. The main problem of  pulping industry today is to 
find an economically acceptable method, combining high efficiency with stringent 
requirement of environmental protection, i.e. The process must be elemental chlorine 
free (Gierer 1990). In view of this situation, special attention has been given to the 
application of chlorine free bleaching chemicals, like oxygen, peroxide and ozone, in 
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order to replace chlorine and chlorine containing compounds as far as possible 
(Kordsachia, and Patt 1988; Gupta and Eckert 1994; Fleming and Stoan 1994; 
Ballada 1996). Bleaching kraft pulp is much harder than bleaching sulphite pulp 
because of the initial colour of the pulp ; the brightness of kraft pulp is about 20 while 
that of sulphite pulp is almost 60. Bleaching is mostly conducted with a succession of 
chlorination, alkaline extraction and  oxidation. One cycle is usually sufficient  to 
raise the brightness of sulphite  pulps to 90. For kraft pulp three cycles are still 
necessary (FAO, 1996).  
 
Cereal – straw pulps are usually bleached in a three-stage (CEH) bleaching sequence 
in tremendous strength loss. Bamboo kraft pulp was easily delignified by oxygen–
alkali delignification to a low kappa number (7–9) without any significant loss in 
viscosity (Thi Hong Mân, 2004). It was also found that, wheat straw pulp can be 
effectively bleached with XOAZRP TCF sequence.( Roncero et al. 2003).  
 
2.5.1 Bleaching Processes Classification  
Bleaching was originally carried out as a single-stage process, but with developing of 
bleaching methods a multi-stage bleaching become a necessity. The sequence of 
chlorination - alkali extaction – hypochlorite bleaching was for a long time found 
sufficient for sulphite pulps, wheras repeated chlorination of hypochlorite stage with 
intermediate alkali extractions was found necessary to achieve fully bleached kraft 
pulp. 
The following abbreviations indicate the different bleaching sequences: 
C = Chlorination 
E = Alkali extraction 
A = Cold alkali purification 
H = Hypochlorite oxidation 
D = Chlorine dioxide oxidation 
S = Sodium chlorite oxidation 
P = Sodium or hydrogen peroxide oxidation 
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C/E/H – Conventional three – stage bleaching and C/E/HH is a modified sequence for 
the former 
C/C/E/H – Tow initial stages of chlorination for better control of chlorination  
C/E/H/P – Peroxide finish for higher brightness stability 
E/E/DH – Combined chlorine dioxide and hypochlorite bleaching 
C/E/C/E/H/D – Another example of more advanced bleaching sequence 
C/E/HD - Another example of conventional bleaching sequence (Logan et al. 1977). 
Today's Reduced chlorine (RC), Elemental Chlorine Free (ECF) and Total - Chlorine 
Free (TCF) processes are bleaching approaches designed with respect to the AOX 
criterion (Devenyns et al. 1993, 1994; Gierer and Zhang1992; Reitberger et al.1994; 
Andtbacka and Tibblin 1994) 
 
2.5.2 Bleaching Control 
To control the bleaching conditions it is very important to optimize the chemical 
charge , pulp consistency , temperature , time pH and pressure during the bleaching 
operation. The kappa number o f unbleached pulp should be 20 or below. Chelating 
agents such as EDTA, DTPA and DTPMPA should be carefully followed (Brelid et 
al.1995; Abrahamsson and Samuelson 1980; Means et al.1980). 
 
Determination of residual lignin in the pulp is the most important of all pulp analyses. 
It indicates the degree of delignification obtained by the cook and forms the basis of 
comparison for many of the cooking results, such as yield, screenings, pulp 
brightness, etc. 
 
Each pulp from nonwood material responds differently to bleaching and  therefore the 
retention time, consistency, and operating temperature used in bleaching need to be 
established to determine the sizes of towers and auxiliary equipment necessary.  
Oxygen pre delignified  softwood and hardwood kraft pulps were pretreated at 
various pH levels with and without chelating agent (EDTA). It was found possible, 
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within a specific pH interval, to obtain pulps which while having a low level of 
transition metals at the same time had a high level of alkali earth metals. Pulps so 
pretreated, gave , in a subsequent alkali hydrogen peroxide stage, much better results 
than pulps which had been subjected to an acidic pretreatment  aimed  at the complete 
removal of all metals (Basta et al 1991). 
 
Hydrogen peroxide is an ecologically safe bleaching chemical, which can be used as 
principal reagent (Basta et al. 1990, Johnson 1994). Under optimal conditions H2O2 
can provide high pulp brightness and adequate quality. To reach optimum results the 
important bleaching parameters that affect the reaction of H2O2 , such as pH, 
temperature, and reaction time have to be controlled (Johnson 1994). Typical 
operating conditions are 12% pulp consistency, 60 minutes retention time and 95-
100?C temperature. 
 
In modern bleaching methods (RC, ECF and TCF) many parameters should be 
controlled. The kappa number of unbleached pulp should be 20 or below. The 
chemical ratio, retention time, temperature and pH as well as bleaching additives-
chelating agents such as EDTA, DTPA and DTPMPA – should be carefully followed 
(Brelid et al.1995; Abrahamsson and Samuelson 1980; Means et al. 1980). 
 
The order of addition of the chemicals was standardized as follows: First MgSO4 with 
chelant, then NaOH and finally H2O2 (Shukry et al.2000). The transition metal ions 
have to be removed as far as possible, because the catalyze peroxide degradation 
whereby unselectively acting OH-radicals are generated. The bleaching performance 
of H2O2 can further be improved by using H2O2 catalyst or activators. Among 
catalysts, I-nuclear M-complexes have been considered very effective, where Mn has 
a high oxidation state (3+, 4+). Such catalyst considerably reduce the activation 
energy of lignin oxidation by H2O2, thus lower temperature and shorter retention time 
can be applied. By adding Mn- complex to the peroxide bleaching system the 
brightness of an ASAM bagasse pulp increased from 80.9% ISO to 82.2 and 83.9% 
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ISO, the kappa number decreased from 2.3 to 2 and1.8, respectively. The Mn-catalyst 
did not cause degradation of the carbohydrates. Addition of 0.025-0.1% 
phenanthroline to the bleaching system raise the brightness to 82.9-84.0% ISO, but 
the use of this Peroxide activator was accompanied by a pronounced drop in the 
viscosity. The degradation action of the activator could be overcome by increasing 
the charge of MgSO4 in the bleaching system from 0.3 to 0.3%. In this case, an 
increased brightness of 84.7% ISO and very low kappa number of 0.5 were obtained 
(Shukry et al. 2001). 
 
In general, Sequestering agents of the aminocarboxilate type (DTPA and EDTA) 
could be used in chelating (Q) stage, where by the pH should be carefully controlled 
in the range of 5 -7 (Troughton and Sarot 1992). 
                                                                                                                                                                       
Important for the success of a multistage bleachery is the control of the rate of the 
pulp charged, to which all the addition of chemicals should be adjusted. Therefore 
consistency and flow rate of the pulp suspension entering the bleachery are measured 
for example, by magnetic flow meters A consistency of around 3% for 15-60minutes 
at cold water temperature are suitable condition (Rydholm1965) 
. 
DTPA stabilizes the system only at high MgSO4 charges, whereas DTPMPA Shows a 
good stabilizing effect even at low MgSO4 charges (Shukry 2000). 
 
Mixing bagasse pulp with rice straw pulp at 1:1 ratio gave better strength properties 
than the arithmetic mean. This was true whether bleaching of pulps was done before 
or after mixing (Fadl et al, 1977). Sugar cane bagasse was fractionated into the 
cellulose /lignin matrix and hemicelluloses by a steam explosion treatment . After 
delignification, the cellulose fraction was submitted to a short bleaching sequence 
PEH (hydrogen peroxide, alkaline extraction, sodium hypochlorite). The resulting 
product appear to be chemically reactive enough to make  an ideal starting material 
for all cellulose derivative and modifications (Farial et al 1998). 
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The presence of TiO2 as a photocatalyst showed several advantages such as the 
reduction of reaction time, preservation of the pulp viscosity during the 
photobleaching process and decrease of the consumption of the bleaching chemicals. 
(Da Silva Perez, et al  1998). 
 
Bio-bleaching methods, which involve pre-treatment of pulp with microbial enzymes 
such as xylanases, have emerged as viable options. commercial bacterial xylanase 
enzyme preparations for bio-bleaching of bagasse pulps in conjunction with specific 
chemical bleach sequences employing hydrogen peroxide (P), alkali extraction (E) 
,ozonation (Z), hypochlorite (H) and chelation (Q) stages. The effluent profiles and 
pulp qualities obtained for each of the bleach combinations (involving bio-bleaching 
and chemical bleaching sequences) were monitored (Sudha et al 2003). 
 
2.5.3 Environmentally-friendly Bleaching Processes 
The knowledge about handling of non-processing elements (NPEs) entering the pulp 
mill with the raw material, process water or with the chemical used in pulping is well 
documented in wood and pulp literature. However major changed take place today 
while introducing ECF and TCF bleaching technology into the pulp and paper 
industry (Ulmgren 1997). Another interesting alternative to chlorine/ chlorine dioxide 
or ECF bleaching is a sequence based only on oxygen and peroxide,OQ(PO). With 
such a sequence, bagasse can easily be bleached to a brightness 85 ( Sudha 2003). 
 
 In ECF- bleaching only minor amounts of chlorine dioxide are used. During the pulp 
bleaching process, chlorine tends to combine with lignin to create chlorinated 
organics that end up in waste water. In contrast , chlorine dioxide breaks apart the 
lignin, laving behind organic compounds that are water soluble and very similar to 
those occurring naturally in the environment (Dahlman et al, 1994). 
 
Due to stricter pollution regulations, new non-pollutant bleaching processes are 
highly desired and the totally chlorine free bleaching technology based on the action 
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of oxygen, ozone, hydrogen, peroxide and peracid appears to fulfil the condition for a 
closed cycle mill (Nelson ,1998). 
  
The delignification performed in the TCF bleaching is mainly based on redox 
reactions (Gierer,1997). The photochemical bleaching, based on the generation of 
oxygen active species, appears very promising (Machadob,1999). 
 
ECF bleached pulp on other hand have a higher tear and fibre strength than TCF 
pulps (Ek et al,1994). ECF bleaching allows production of kraft pulps that meet the 
highest requirements with respect to strength , brightness, brightness stability , 
cleanliness, etc.(Jan Rennel and Jaaklo,1995). 
 
The crude enzyme preparation is capable of improving the bleachability of kraft pulps 
produced from hardwood and bagasse. The present work evaluates the efficacy of a 
hemicelluloses preparation produced from the fungus growing on bagasse in 
comparison to the commercially available xylanases with respect to the achieving 
brightness without affecting paper properties (Duggirala  et al. 1996). 
Dioxin and furan are toxic chemicals that contain chlorine and are trace elements 
found after the bleaching stage. Dioxin is produced in the pulp mill during bleaching 
operation. At this stage quantity of chlorine entering the process is directly linked 
with the dioxin production. Consequently solutions to reduce dioxin production are to 
try and replace chlorine by chlorine dioxide in the bleaching plant and oxygen for 
delignification (FAO, 1996). 
 
2.5.3.1 Totally Chlorine-free Bleaching 
 
The demand for totally chlorine-free TCF bleaching has been rapidly grown during 
the last years. This indicated increased awareness and concern about environmental 
problems arising from the pulp and paper industry. Successful TCF bleaching 
requires a low kappa number of the unbleached to start with because the common 
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chlorine free bleaching agents are less efficient than chlorine (Korhonen 1993,Brooks 
et al 1994). 
 
Totally Chlorine Free (TCF) bleaching technology based on the action of oxygen, 
ozone, hydrogen peroxide and peracids appears to fulfil the conditions for a closed 
cycle mill. Oxygen bleaching is one of the most thoroughly investigated process in 
the field of pulping  and bleaching of the last 20 years. As oxidation is the essential 
reaction  in lignin- removing bleaching it is quite reasonable to aim at using oxygen 
as the cheapest oxidizing agent for bleaching. But as it is not a selective lignin- 
degrading chemical pulps cannot be bleached to high brightness exclusively with 
oxygen without considerable attack on the polysaccharides, resulting in rather poor 
strength properties. 
 
 Yield loss during oxygen delignification was marginal for both soda and soda-AQ 
pulps. Oxygen –delignified pulp show slight losses in viscosity  and fibre strength, 
but brightness increased significantly. The lower kappa numbers of  Oxygen –
delignified pulps will significantly reduce chemical demand during bleaching( Mohta 
et al. 1998). 
 
An oxygen delignification stage will further reduce the kappa number before 
bleaching by up to 50% and therefore reduce bleach chemical consumption and 
effluent load (COD and AOX) by up to 50%. Oxygen, however , is less selective than 
chlorine and can only used for partial lignin removal (kordsachia and Patt 1988). 
Extending conventional oxygen treatment to more than 50% delignification would 
further decrease bleaching chemical demands and increase environmental benefits. 
An improved oxygen delignification system with  increased selectivity has been 
developed, where pulp is treated with small amount of peroxymonosulfuric acid 
between two oxygen stage  (Allison et al 1995). 
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To reduce water pollution of the bleaching process to greater extend an ozone 
treatment can be carried out  as a second chlorine-free delignification stage. Because 
of the high delignification rate obtained by oxygen treatment a small ozone charge of 
about 0.5 % on oven dry pulp should be sufficient to obtain a very low kappa number 
(Goodsay and Pearce 1984). 
 
The application of  TCF bleaching may involve different stages with different 
chemicals. The sequence of a multi-stage TCF bleaching could be by one of the 
following :ZPY, ZEP, ZERP, OZP, OZEP, OQP, OQPQP, OQPOPQP, etc. 
The abbreviations indicate the bleaching stages and chemicals applied: 
Z     = O3 
Y     = Na2S2O4 
E     = NaOH 
ER     = NaOH/NaBH4 
P     = H2O2/NaBH4 
O     = O2 
Q    = Chelation agent 
 
Many puplications are available on multi-stage TCF bleaching (Kordsachia et 
al.1990, 1994: Kordsachia and Patt 1988, 1991; Puthson et al.1997; Odermatt et al. 
1994, De Silva et al.1996; Hammann et al1991). 
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2.6 GENERAL DESCRIPTION of SPECIES 
 
 
2.6.1 Bagasse 
 
Family: Gramineae (Poaceae)  
Genus: Saccharum 
Species:  Saccharum officinarum   
 
 Sugar cane is grown in tropical and subtropical countries. Bagasse is fibrous residue 
of the sugar cane left after the crushing and extraction process. The quality of bagasse 
is dependent on the variety of cane, age at cutting, agronomic and soil conditions, and 
the extent of crushing and milling operations carried out on the cane in the sugar mill.  
 
Bagasse, being a by-product of the sugar industry, enjoys a unique position among 
the non-wood fibres for pulp manufacture, mainly due to its availability in large 
quantities at a central collection point. Its distinct advantage over other non-wood 
plant fibres is that the costs of collection, crushing, and cleaning the material are 
borne by the sugar mill. Bagasse is generally used as fuel in the sugar mill. 
  
Bagasse is diverse in composition from other pulping materials in that it consists of 
two heterogeneous fractions - fibre and pith. The pith is characterized by its dust form 
and is composed of parenchyma cells. Because of its small dimensions, on-fibrous 
physical nature and close association with dirt pith can not be converted into a 
satisfactory pulp inspite of its resemblance to the fibres in chemical composition. 
Approximately, pith content B.D bagasse is between 30 – 35% and moisture content 
is between 40 -50% as it comes from sugar mill after the extraction of juice. If pith is 
removed, the useful cellulose content in bagasse will be about 55%, The lignin 
content in bagasse is around 19 -20%, The pentosans content in bagasse is higher 
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than that of hard woods, but after depithing, most of the hemicelluloses are removed 
and the pentosans content is reduced to 20 -25 % which is very closed to that of 
hardwoods. Ash content in bagasse is one of the lowest in grass fibres ( 
Krishnamachari et al 1991). 
 
The sugar cane separation process:  
By means of the cane separation process, the sugar cane stalk is separated into its 
individual components prior to obtaining the sugar. Thus, the cane is separated into 
rind, pith and sugar juice, and epidermis (wax) fractions. 
Diagram of a cross section of the cane which makes the separation process possible is 
shown in figure 5. The key item of equipment in the cane separation  
 
 
Figure. 5 Cross section of sugar cane (Atchison 1987a ) 
 
system is the is the patented separation machine itself , depicted in figure 6.Twenty to 
thirty centimetre segments of cane fed end –first and at a high speed to the inlet rolls 
of the machine. These segments, driven by the rolls against a splitting knife, become 
two halves then goes through four set of rolls in series to crush and cut the rind 
material into thin strands of predetermined length. These strands then drop to a 
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conveyor by which they are carried to a diffuser for removal of the residue sugar , 
after which they can be used for production of wafer board, strand board, standard 
particle board, or pulp and paper . Diagrams of the various types of elements which 
can be produced from the rind fibre segments are shown in figure 7. (Atchison 
1987b). 
 
Diseases and pests: 
The most destructive disease of bagasse is mosic virus. The replacement of 
susceptible varieties by mosic- resistant strain reduced the danger throughout the 
world. Other disease like red rot and leaf scald are detected. Of the insect pets, the 
sugar cane borer moth, white grubs, woolly aphis, sap- sucking leaf hopper have also 
been detected (Meade, 1965). 
 
Current uses in various product: 
Bagasse pulps are now used in particularly of all grades of papers, including bag, 
wrapping printing, toilet, glassine, corrugated medium, linerboard, bleaching boards, 
and newsprint. Bagasse has also been used worldwide for the manufacture of all types 
of reconstituted panel board (Atchison 1987a). 
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Figure. 6 Separator process (Atchison 1987a ) 
 
Billet                                  Segment           Sticks               Strands          Particles 
Figure 7 .Sugar cane size breakdown (Atchison 1987a ) 
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2.6. 2 Bamboos 
Bamboo is regarded as a major resource that meets the need of common people and 
also as a poverty alleviator due to its multi purpose uses. As a result of this, bamboo 
resources are of great importance in the rural socio-economy of several tropical 
countries. 
 
Botanically bamboos are tall giant perennial grasses belonging to the family of 
gramaneae. Twelve hundred and fifty species of 47 genera of bamboo are known to 
exist in the world. Bamboo are widely distributed in the tropical and sub-tropical 
regions of all continents except Europe (Ramadorai 1991) Sharma (1980) describes 
the distribution of bamboos in countries like China, Japan, Korea, besides that of 
South and Southeast Asia. A total of 1250 species of bamboos from 75 genera are 
reported from these countries. 
 
The quick growth, easy availability and cheapness of the bamboos have always made 
it an important natural product used extensively in the rural areas. The long lengths of 
the culms, their straightness, smoothness and lightness, combined with strength and 
hardness and the easy manner in which they can be split, make them ideal for all 
types of constructions and implements. They can be used to furniture decorations, 
baskets and implements. In recent years it was used to manufacture , various types of 
processed products like bamboo insulation-boards, bamboo veneer, mats and boards 
and for manufacture of pulp and paper products. 
  
 Bamboos occur in the moist and dry deciduous forests as well as in the wet 
evergreen forests . In Sudan  there are two indigenous bamboos: Arundinaria  alpine  
found only in the upper reaches of Imatong mountains and Oxytenanthera abyssinica   
found on hill slopes and along khors in southern region, Nuba  mountains,  Jebel 
ELDair in Khordofan and Ingassana area of Blue Nil state (Elamin,1990). 
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 Bamboo is strongly resistance to mechanical forces in transverse direction; it shows 
no resistance to splitting and crushing force in longitudinal directions (Ramadorai 
1991). 
 
They are restricted to location with a rainfall of 1200 mm to 4000 mm annually and 
with a temperature between 16 0C to 38 0C. Atmospheric humidity is one of the 
determining factors for the growth of bamboo. (Ramadorai 1991and  David, 1984). 
Most bamboo are found in sandy loams to loamy clay soils, derived from river 
alluvium or frequently from underlying  rocks, usually bamboos prefer drained soils 
with neutral pH. (Uchimura,1980). 
 
2.6.2.1 Oxytenanthera abyssinica 
Taxonomy:-  
Family: Gramineae (Poaceae)  
Subfamily: Bambussoideae  
Tribe: Bambuseae  
Genus:Oxytenathera   
Species:  Abyssinica ( David, 1984) 
Arabic Ganna 
 
Description:  
Tall gregarious leafy bamboo (figure 8). Culms solid, woody, rising from a thick 
rhizome, usually 6-16 m high, 4cm-7.8cm in diameter, young culms grayish-
pubescent. Branches whorled. Culm sheaths brown, strongly ciliate, usually 25cm 
long ×7cm broad, sheath blade ca 4cm long 1cm broad. Culm solid, woody, rising 
from a thick rhizome up to 10 cm across. Branches whorled. Leaves linear or oblong 
lanceolate; Sheath brown, pubescent with deciduous hairs, strong cilliate, about 25 × 
7 cm.. Inflorescence dense, globose, axillary or in terminal cluster about 6 cm. Fruit 
linear brown grains.Flowers April – May; Fruit June – July.On rocky hills on light 
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soils in s. Kassala,Kordofan (Nuba Mts, J.El Daier) Dar fur (Hofrat  El  Nahas ), Blue 
Nile (J. Garri,Ingessena Hills) Bahr El Gazal and Equatoria (Katire-Torit Rd) ( El-
Amin 1990). 
 
Distribution: 
 Kassala  Prov. (Gallabat, Matamma, Atbara River); Blue Nile Prov. (Jebel Gerri, 
J.Fazoghli); Kordofan Prov.(Nuba Mountains);Bahr ElGhazal prov. in the South 
Sudan. It is distributed on rocky hills in parts of the Sudan on altitudes of 400-
2,000m.. Plantation of Oxytenanthera abyssinica had been established in Hedaibat, 
El-Gezara forest in the early fifties and in Abu Gaili and tawala forests in the nineties. 
 
Uses:  
Used for roof rafters, spear shafts, hammock poles, implement handles and arrows 
.Split stems are used to make cattle fencing. They are also burned for charcoal. Used 
also for walking sticks  and in survey work as sighting poles. Other species of 
Bambusa, found in various parts of the tropics, are used for similar purposes (Gohl 
1981). 
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Figure. 8 General feature of Oxytenanthera abyssinica 
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2.6.2.2 Bambusa vulgaris 
 
 
Taxonomy:  
Family: gramineae (poaceae)  
Subfamily: Bambussoideae  
Tribe: Bambuseae  
Genus: Bambusa  
Species:  Vulgaris ( David, 1984) 
Arabic Ganna 
  
Description: 
 
Giant, fast-growing grasses that have woody stems. (figure9). Has thick and green 
culms Culms spaced a foot or two apart. Culms root easily. Bambusa genus has 
pachymorph rhizomes. No seed set is reported in Bambusa vulgaris, commonly 
cultivated bamboos belonging to the subfamily. Bambusoideae of Poaceae, have been 
a matter of curiosity among bamboo specialists ( John et al 1997). 
 
Distribution: 
Common throughout the tropical world. Native to Brazil species. Called "brazilian 
bamboo ",. But originated in China. Bambusa vulgaris found the botanical garden in 
Khartoum (EL.Houri, 1997) and in Om-barona  forest ( Gazera state).  
Uses: 
Leaves of Bambusa vulgaris are to treat diarrhea, young shoot tips are used for 
cooking, Bambusa genus is very used in paper production and object making.  
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Figure 9. General feature of Bambusa vulgaris 
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3.1  MATERIALS AND METHODS 
 
 
3.1.1 Raw Materials Collection and  Sampling  
Three non woody raw materials were used in the present study: bagasse and two bamboo 
species  (Bambusa vulgaris and Oxynanthera abyssinica). 
The selection of representative raw material of each species was carried out randomly 
according to TAPPI Standards (1996). 
    
Oxynanthera abyssinica clums were collected randomly from Blue Nile Province. The 
stems height ranged between 4-5 meters, and the diameter at the center of culm was 
between 10-12 cm. 
 
Bambusa vulgaris stems, collected from Om-Barona Forest (Gazira State), were of 4-6 
meters height and diameter is14-18 cm. 
The collected bamboo clums of each species were chopped to about 3 cm length, crushed,  
dry depithed and screened. 
 
Bagasse was collected from Kenana sugarcane factory (White Nile Province). The air-dry 
bagasse (20 kg) was screened, wet depithed and air dried 
 
The prepared raw materials were packed in plastic bags and air shipped to the Institute 
for Wood Chemistry and Chemical Technology at the University of Hamburg (Germany) 
according to the legislation for agricultural and exported products in the Sudan. 
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3.2. WOOD DENSITY 
The avarrage basic density was determined according to B.S.1957 
    Basic density, kg/m3 = Oven – dry mass/green volume 
 
3.3 FIBER CHARACTERIZATION 
 
3.3.1 Fibre Measurements 
 
Macerated bagasse and bamboo chips were used for fibre measurements microscopically. 
 
The fibre obtained of each raw material were dispersed in water, stained with 1% 
aqueous solution of safranine and mounted on slides (RPRI 1960; Horn 1978). 
 
The fibre length, fibre width and lumen width of 100 fibres for each raw material were 
measured  at random microscopic fields, and from the results the cell wall thickness was 
calculated. 
 
3.3.2 Morphological Indices 
 
The fiber morphological indices were calculated on the basis of the data from the average 
fibre measurements. 
 
Flexibility coefficient  = LD/d             
 
Wall fraction, %           = CWT/d             
 
Felting power                = L/d                
                     
Runkel’s ratio                = 2CWT/Ld                                                         
Where, 
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 CWT  =  average cell wall thickness 
 
                    LD      =   average lumen width 
 
              d          =    average fibre width 
 
                        L          =    average fibre length 
 
 
3.4  RAW MATERIALS CHEMICAL COMPOSITION 
 
3.4.1 Sampling 
 
Bamboo chips of each species and bagasse fibres were ground in a standard star mill with 
a standard sieve. The meal portion used for chemical analysis was the one, which was 
retained on 60-mesh sieve after passing the 40-mesh according to TAPPI Standard T 11 
wd-76. The air-dried meals were stored in plastic bags. 
 
3.4.2 Methods of Analysis 
 
The analyses were carried according to Standards Test Methods shown in Table 6. The 
determinations were carried out in two or more replicates and the results were reported on 
oven-dry original unextracted fiber meal. 
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Table 6. Standard Test Methods used in the chemical analysis of the raw materials. 
 
 
Analysis 
 
 
Standard method 
 
Extractives- free 
 
 
Sample preparation 
 
TAPPI 11 wd-79 
 
no 
 
 
Moiture content 
 
TAPPI 18  os-53 
 
no 
 
 
Hot water solubles  
 
 
TAPPI 207 om-93 
 
 
no 
 
1% NaOH solubles  
 
TAPPI 212 om-93 
 
no 
 
 
Alcohol/benzene solubles 
 
TAPPI T 204 cm-97 
 
no 
 
 
Alcohol solubles 
 
 
TAPPI T 204 cm-97 
 
no 
 
Ash content 
 
TAPPI T 211 om-93 
 
no 
 
 
Silica 
 
TAPPI T 245 om-94 
 
 
 
no 
 
Pentosans 
 
 
TAPPI T 223 cm-84 
 
yes 
 
Acid-insoluble lignin 
 
TAPPI T 222 om-88 
 
yes 
 
 
Cellulose, Kurschner Hoffer 
 
 
Khristova et al.2003 
 
 
 
no 
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3.5  PULPING 
 
3.5.1 Raw Material Preparation 
 
Bagasse was screened from sand and dust, wet depithed by crushind, soaking in hot water 
(60oC) for 30 min, washed, screened and air dried to approx.10% moisture content 
carried out befor pulping. About 30% of the pith was removed. 
 
The bamboo culms were dry depithed, crushed and chopped to about 3 cm  length. 
  
3.5.2  Cooking Liquor Preparation and Analysis 
 
 The alkali changes for all cooks at different active alkali levels were calculated as Na2O 
on oven-dry raw material for each cook.  
 
3.5.3 Pulping Equipment 
 
Laboratory soda, soda-AQ, AS-AQ (of bagasse) and ASAM (of bamboo) cooks were 
performed in 7-litre rotary electrically heated digester. The rest bamboo cooks (kraft, 
kraft-AQ, soda.soda-AQ.AS-AQ) were carried out in an electrically controlled circulatary 
digester. 
 
3.5.4 Pulp Pretreatment 
Bamboo chips were steamed for 30min before cooking. The hot chips were charged to 
the digester before the addition of the cooking liquor. 
 
3.5.5 Pulping Conditions 
In the baggase cooks 400 g oven-dry raw material were used, while 600g oven-dry raw 
material was used in all bamboo cooks. The following cooking conditions were kept 
constant: 4:1 liquor-to-raw material ratio (excluding raw material moisture content), 0.1% 
AQ dose on oven–dry raw material was added in soda-AQ, AS-AQ, ASAM and kraft-AQ 
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cooks. Heating time to maximum temperature was 57-60 and 75 min for bagasse and  
bamboo cooks, respectively. 
 
Maximum cooking temperature for bagasse  cooks was 155-165oC and for bamboo cooks 
it was 160-175oC  
 
3.5.5.1  Kraft and Soda Pulping 
 
The sodium hydroxide charge as Na2O on oven–dry raw material used was 17.1-20.1% 
for kraft cooks, 18.6% for kraft-AQ cooks, 12.4-18.6% for soda cooks, 10.8-18.6 % for 
soda-AQ cooks. 
 
3.5.5.2 Pulping with Anthraquinone 
 
Anthraquinone was added as a catalyst in soda-AQ, AS-AQ and ASAM and kraft-AQ 
cooks. The anthraquinone was well mixed with the raw material in the digester before 
addition of the cooking liquor. In ASAM cooking the anthraquinone  was first dispersed 
in methanol and thus added to the raw material into the autoclave. 
 
3.5.5.3 Alkaline Sulphite and ASAM Pulping 
 
The cooking liquor was composed of sodium sulphite and sodium hydroxide at  20:80, 
30:70 and 40:60 ratio for AS-AQ cooks and 60:40 and70:30 ratios for ASAM cooks. 
 
The chemical charge applied was 10.8-18.6% and 18.6% alkali as Na2O on oven-dry raw 
material for AS-AQ and ASAM cooks respectively. In ASAM cooking the methanol 
charge was 20% v/v of the total liquor. 
 
3.5.6 Characterization of Pulp Properties 
 
The pulp moisture content was determined according to TAPPI T 18 wd-76 Method. The 
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pulp yield was calculated as: 
 
Total pulp yield, %  =  screened yield,%  +  regects,%. 
 
The beating degrees were determined with a Schopper-Reegler apparatus according to 
SCAN-C 19:65. The viscosity was determined according to SCAN-CM- 15:88. The 
kappa number, the measure of residual lignin in the pulp was determined according to 
half-scale SCAN.CL:77method. The ISO brightness was measured according to SCAN-
11:75 
. 
3.6 PULP BLENDING 
 
Blending trials were carried out with bagasse and Oxytenanthera abyssinicain alkaline 
sulfite  anthraquinone pulps in  the ratios:10 /90, 30/70, 50/50. 
 
 
3.7  PULP BLEACHING 
 
3.7.1  Bleaching Stages 
 
Unbleached soda, soda-AQ and AS-AQ bagasse pulps were selected to perform TCF 
bleaching and the sequence applied were: first chelation (Q1), oxygen reinforced 
hydrogen peroxide (OP), second chelation (Q2) and hydrogen peroxide (P). 
 
3.7.2 Bleaching Equipment 
 
The oxygen reinforced hydrogen peroxide stage (OP) was conducted in                        
Teflon-lined 2.5 litre autoclaves in a heated oil bath. The P and Q stages were performed 
in sealed plastic bags plunged into an agitating water bath (Kordasachia and Patt 1987) 
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3.7.3  Pulp Pretreatment 
A chelation stage with DTPA (diethylentriaminepentaacetic acid) was carried out to 
remove transition metals ions. The pulp was mixed with the amount of deionized water 
necessory to adjust the consistancy .The pulp slurry was acidified to the required pH 
before adding the chelant. The pulp suspention was washed on a Buchner funnel, pressed 
and centrifuged to about 30-35% consistency . 
 
3.7.4 Bleaching Experements 
 
The order of addition of the chemicals was standardized as folows: first MgSO4 then 
NaOH and finally H2O2. At first the pulp was placed in a plastic bag and the chemicals 
were added  The pulp was kneaded by hand and the initial pH measured .The plastic bags 
were then sealed and immersed in a water bath At the end of the bleaching, the plastic 
bag was cooled and the liquid was squeezed from the pulp for measuring final pH and 
residual peroxide.The bleached pulp was then washed throughly with deionized water 
and centrifugeed to 30-35% consistency The residual peroxide in the filtrate wad 
determined iodometrically. 
 
3.7.5 Bleaching Conditions 
 
The oxygen pressure used in O and OP stagse was 6 MPa and all chemical charges were 
calculated as percentage on oven-dry unbleached pulps. 
 
3.7.5.1 Bleaching Conditions of Bamboo 
 
The  chemicals applied  in O stages were 2% NaOH, 0.3% MgSO4, and 1.87% H2SO4. 
That stage was performed for 120 min at 98°C with high % pulp consistencyof 12%. 
Chemicals applied in OP stage were 1.75% NaOH, 0.3% MgSO4, and 2% H2O2 and it 
was performed for 90 min at 95°C with the same pulp consistency (12%). The first and 
second chelation stages were carried out by using 0.2% and  0.1 DTPA , 1.87 and 0.73. 
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 H2SO4 respectivelly and performed for 30 min at 60°C with 3% pulp consistency.  
The final peroxide stage was carried out by using 2.5% hydrogen peroxide, 2 % NaOH , 
0.1% MgSO4  and 0.05% at 12% pulp consistency, 240 min at 90°C. 
 
 
 
3.7.5.2 Bleaching Conditions of Bagasse 
 
Chemicals used for  OP stage was were 2% NaOH, 3% MgSO4, and 1% H2O2. The stage 
was performed for 120 min at 90°C with 10% pulp consistency. The first and second 
chelation stages were carried out by using 0.1%  DTPA for 30 min at 60°C with 3% pulp 
consistency.   
 
The final peroxide stage was carried out by using 4% hydrogen peroxide, 2.5% NaOH 
and 0.3% MgSO4 at 10% pulp consistency, for180 min at 80°C. 
 
 
3.7.6  Pre-bleaching Trials 
 
Portions of 5-10 grams oven-dry pulp were used to establish the optimum bleaching 
conditions prior to the main bleaching trials for the different pulp selected. The trials 
were conducted for the different bleaching stages under different conditions 
 
3.7.7 Bleached pulp Evaluation 
 
The screened yield % on oven dry raw material  was calculated as follows: 
Screened yield of bleached pulp, % = OD mass of bleached pulp/ OD mass of unbleached 
pulp x 100 
. 
The ISO brightness , pulp tests and pulp strength were performed according to the 
aforementioned Standard Methods (Chaprer 3.6.3). 
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3.8 PULP TREATMENT 
3.8.1 Pulp Beating 
 
The unbleached and bleached pulp were beaten in an Jokro mill according to German 
Zellcheming Method v/8/76.  The beating time and dranage measurements were carried 
out according to Zellcheming v/3/62. The samples were withdrawn from the Jokro mill at 
different time intervals depending on the type of pulp. 
 
The pulp freeness degree was determined with a Schopper-Riegler apparatus according to 
SCAN-CM -15:88. 
 
3.8.2 Handsheets Formation 
 
The sheets for physical and optical tests were formed according to the German 
Zellcheming V/19/63 Standard using a Rapid-Kothen sheetformer (Table 5). 
 
The beaten pulp was disintegrated for five minutes in the standard disintegrator. The 
drainability rate was determined with  Schopper-Rigler Tester. 
 
The dried sheets were kept in the conditioned physical lab at 20oC and 65% reltive 
humidity according to TAPPI  T205 sp-95 standard. 
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3.9 PULP PROPERTIES EVALUATION 
 
 
The thickness, specific volume, tensile strength, tear strength, ISO brightness, opacity, 
light- scattering coefficient and light-absorption coefficient were determined for each 
unbleached and bleached pulp type according to the standards given in Table 7. 
 
Table 7. Standards used in testing  pulp handsheets 
Test                         Method 
Thickness, specific volume                 Zellcheming V/12/57 
Tensile strength                 Zellcheming V/12/57 
Burst strength                 Zellcheming V/12/57 
Tear strength Zellcheming V/12/57 
Folding endurance DIN 53/28 
Opacity Zellcheming V/12/57 
Light-schattering coefficient Zellcheming V/12/57 
Light-absorption coefficient SCAN-C27: 69 
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4.1 BASIC DENSITY 
 
 
The properties of the fibre depend on the type of cells from which the fibre is derived, as 
the chemical and physical properties are base on the cell wall characteristics (McDougall 
et al. 1993). 
       The average basic density of the two bamboo species (Tables 8-9) was in the range 
of tropical hardwood of 150-1150 kg/m3 (Istas 1995) and as the usual density range for 
commercial pulpwood is 350-650 kg/m3 the density of  both bamboo species was in the 
middle of this range and it could be graded as medium according to Bin (1970). This 
means normal liquor–to-wood ratio, impregnation and cooking periods, and good pulp 
yield by digester volume.  
 
Table 8. Basic density, fiber characteristics and morphological 
indices of Oxytenanthera abyssinica  
Property     
  min mean max SD 
     
Basic density (kg m-3)  419   
     
Fiber dimentions     
     
Fiber length (mm) 0.5 1.5 2.9 0.5 
     
Fiber width (µm)  5 14.3 28 4.2 
     
Lumen width (µm) 2 6.9 17 4 
     
Wall thickness (µm) 1.5 3.7 5.5  
     
Morphological indices     
     
Flexibility coefficient  48.3   
     
Wall fraction,%  25.9   
     
Felting power  10.5   
     
Runkel,s ratio  1.1   
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Table 9. Basic Density, fiber characteristics and morphological 
indices of Bambusa vulgaris     
     
Property min mean max SD 
Basic density ( kg m-3)  544   
     
Fiber dimentions     
     
Fiber length (mm) 1.12 2.1 3.3 0.53 
     
Fiber width (µm) 7 14.1 20 3.33 
     
Lumen width (µm) 1 4.9 16 2.89 
     
Wall thickness (µm) 3 4.6 2  
     
Morphological indices     
     
     
Flexibility coefficient  35   
     
Wall fraction,%  32.6   
     
Felting power  14.9   
     
Runkel,s ratio  1.9   
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4. 2 FIBER MORPHOLOGY AND INDICES 
The principal factors controlling the strength of paper are the fibre density (cell wall 
thickness), fibre length and fibre strength.  
      The average fibre length of Oxytenanthera abyssinica (1.5 mm) and Bambusa 
vulgaris (2.1 mm) were in the range of softwood and bamboo (1-7 mm) (Tables 8-9). The 
fibre length of bambusa considered as long, but that of oxytenanthera is medium-long. 
Their fibre width was nearly the same, medium-narrow and of hardwood range (10-35 
µm). The narrow lumen meant that the two bamboo species would not collapse easily on 
beating (stiff fibres) and would give a rather porous bulky paper sheet, as a result of poor 
interfiber bonding. The thicker wall of bambusa (4.6 µm) compared to that of 
oxytenanthera (3.7 µm) indicated a very different morphological indices and behaviour.  
       
Table 10. Fiber characteristics and morphologicall indices of 
Bagasse  
     
Property min mean max SD 
Fiber dimentions     
     
Fiber length (mm) 1.0 1.7 3.9 0.6 
     
Fiber width (µm)  8 8.4 35 5 
     
Lumen width (µm) 2 5.2 29 4 
     
Wall thickness (µm) 3 1.6 3  
     
Morphological indices     
     
Flexibility coefficient  61.9   
     
Wall fraction, %  19.0   
     
Felting power  20.2   
     
Runkel,s ratio   0.6     
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The flexibility index, indicating the possibility of interfiber bonding is positively 
correlated to the tensile strength. According to flexibility coefficients oxytenanthera 
could be expected to have higher bonding strength (tensile, burst, double folds) as well as 
fibre strength (tear) that depend respectively on cell wall thickness and felting power. 
        The fibre characteristic and morphological indices were specific for each bamboo 
species and were typical for wood and adequate pulp strength properties were expected. 
       Bagasse high fibre length (1.7 mm) (Table 10) was in the lower range for softwood 
and bamboo (1-7 mm). The shape of the fibre resembles that of most grasses with its 
narrow, tapering ends. The wide fibres of bagasse (8.4 µm) had wide lumens (5.2 µm) 
and thin cell wall thickness (1.6 µm) (this is in agreement with Rydhoim 1965) . This was 
reflected in the different morphological indices, especially in the flexibility coefficient 
(62) indicating their ability to collapse easily and to form interfiber bonding important for 
paper strength. 
 
 
 
 
4.3 RAW MATERIAL CHEMICAL COMPOSITION 
 
 
Non-woody material have less lignin, therefore they are easier to pulp – one big 
advantage of their usage (Jianhao 1986; Sabatier 1986). 
 
4.3.1 Chemical Composition of Bagasse 
From Table 11 it is apparent that bagasse chemical composition is quite similar to that of 
hardwood, but it had higher ash (2%) and especially silica (1.2%) contents. This should 
increase the alkali consumption and may cause problem in waste liquor recovery 
(Rydholm 1965) The hot water solubles (2.4%), 1% NaOH solubles (27.8%), alcohol 
(3.2%) and alcohol-benzene extractives (2.5%) indicated the presence of soluble 
polysaccharides and phenolics predicting higher chemical charge and consumption. 
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       The very good Kurschner-Hoffer cellulose (54.8%) and the comparatively low lignin 
content of bagasse predicted high yields by alkaline pulping methods at moderate alkali 
charge. The pentosans content (25.9%) of bagasse is favourable for easy beating and fibre  
Table 11. Chemical composition of  depithed bagasse from different locations (percent oven-
dry, unextracted fibre) 
          
  Bagasse 
Origin, Reference Sudan U.S.A 1 U.S.A 2  Hawaii3  
Property         
     
Ash  2.0 0.7 1.8 2.6 
     
Silica 1.2 n/a n/a n/a 
     
     
Soluble in:     
     
Hot water 2.4 0.7 12.9 4.0 
     
1% NaOH 27.7 28.4 41.0 31.3 
     
Ethanol (95%) 3.1 n/a n/a n/a 
     
Alcohol/benzene1:2 2.5 1.6 8.0 3.6 
     
Cellulose , Kurschner-Hoffer 54.8 54.2** 49.4** 55.0** 
     
Pentosans 25.9 23.0 27.6 31.3 
     
Lignin* 17.6 21.3 17.8 19.3 
     
Cellulose/ lignin ratio  3.1 2.4 2.8 2.8 
          
n/a - not available 1 Atchison1987    
* corrected for ash 2 Atchison1987    
 ** Cellulose Cross Bevan 3 Luna et al.1991   
 
bonding. The cellulose-to-lignin ratio above 2 (3.1) indicated similarity to temperate 
hardwoods and predicted good pulp yield with a normal alkali charge (Simionescu et al. 
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1964). The chemical composition of depithed bagasse from different geographical 
locations (Table 11) is quite diverse, which could be due to the different degree of 
depithing, different methods of extractions and effect of different habitats. The 17.6-
21.3% lignin content is lowest for Sudanese bagasse which is also favourable. 
Table 12. Chemical composition of Oxytenanthera abyssinica from different locations (percent 
oven-dry, unextracted fibre) 
Species Oxytenanthera abyssinica 
Origin, reference      Sudan Sudan
1 Kongo2 Ethiobia 3 
Property         
Ash content 4.6 n/a n/a n/a 
     
Silica 2.3 n/a n/a n/a 
     
Soluble in:     
Hot Water 5.8 8.7 5.0 n/a 
     
1% NaOH 22.1 24.2 25.2 29.5 
     
Ethanol (95%) 3.6 5.6 1.7 5.4 
     
Alcohol/Benzene1:2 3.2 4.0 n/a n/a 
     
Cellulose ,Kurschner-Hoffer 56.6 50.8 43.8 56.7** 
     
Pentosans 21.6 20.6 22.7 n/a 
     
Lignin* 23.4 24.6 23.9 n/a 
     
Cellulose lignin ratio         2.4 2.1 1.8 n/a 
          
n/a not avialable 1 Khristova   
* corrected for ash 2 Istas 1965   
 ** Cellulose Cross Bevan    
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Table 13. Chemical composition of Bambusa vulgaris from different locations 
                (percent on oven-dry, nextracted fibre)     
Species Bambusa vulgaris  
 Origen, reference Sudan France 1 Philipinis 2 Congo 3 
Property         
     
Ash 2.3 3.3 2.4 0.7-2.6 
     
Silica 0.8 0.8 n/a 0.07-1.65 
     
Solubles in:     
     
Hot water 9.7 14.6 7.8 0.5-8.1 
     
1% NaOH 23.5 30.0 21.9 19.6-28.2 
     
Ethanol (95%) 7.2 n/a n/a n/a 
     
Ethanol/benzene 1:2 6.2 4.6 4.1 0.7-3.9 
     
Cellulose, Kurschner-Hoffer 47.0 49.4** 66.5 ** 57.2-70.7** 
     
Pentosans 20.3 17.5 21.1 16.1-28.1 
     
Lignin* 21.7 19.3 21.9 19.2-25.3 
     
Cellulose/lignin ratio 2.2 2.8 3.0 2.8-3 
         
n/a - not available 1 Istas 1952    
* corrected for ash 2 Istas 1965    
 ** Cellulose Cross Bevan 3 Casey 1980    
 
 
4.3.2 Chemical Composition of Bamboo  
The chemical composition of the two bamboos (Tables 12-13) was quite different from 
that of bagasse. 
       The ash content of oxytenanthera (4.6%) was doubles that of bambusa. This is due to 
the high silica content (2.3%), compared to other tropical non-woody plants. However the 
hot water, 1% NaOH solubles, alcohol and alcohol-benzene extractives of bambusa were 
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higher which suggested higher alkali consumption and lower pulp yield compared to 
oxytenanthera. The good Kurschner-Hoffer cellulose (56.6%) and pentosans (21.6%) and 
the low lignin content (23.4%) of oxytenanthera predicted better yields than the bambusa.               
The cellulose-to-lignin ratio of above 2 (3.1) indicated similarity of bamboo species to 
temperate hardwoods, and suggested normal alkaline cooking with conventional methods 
with good pulp yields. 
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4.4 PULPING WITH DIFFERENT PROCESSES AND PULP 
EVALUATION 
 
4.4.1 Pulping of Bagasse 
A comparison of the different cooks of depithed bagasse (Table 14-15) with regard to 
screened yield, kappa number, rejects and brightness is shown in Figure 10. 
In soda pulping of bagasse (Bag5) carried out as a reference cook (Table14) with active 
alkali level of 12.4% as Na2O on oven dry raw material, 57 minutes heating up time was 
needed to reach the maximum temperature of 165oC, and 90 min the cooking time at 
maximum temperature. The pulp produced had a kappa number of 13.9. The addition of 
0.1% anthraquinone to the cooking liquor at lower active alkali charge of 10.9 %, at a 
shorter cooking time and at lower maximum temperature (155oC), gave pulp (Bag7) with 
a lower kappa number of 12.2, and an increase in screened yield by 2.3%.  The higher 
soda-AQ pulp yield could be attributed to the preservation of the polysaccharides by the 
anthraquinone. Further the beneficial effect of anthraquinone addition was reflected in the 
pulp higher viscosity of 982 ml/g compared to 912 ml/g viscosity for the soda pulp, 
indicating less damage of cellulose at better delignification (Fig.10). This is due to the 
catalyzed delignification and the stabilization of the end–groups of the carbohydrates 
through oxidation to aldonic acids, which are stable to end-wise degradation (Irvine and 
Nelson 1986). Higher strength properties for tear, tensile and burst index of the pulp were 
achieved at higher runnability factor (Figs 11-15). 
       The alkaline sulphite-anthraquinone (AS-AQ) pulping of bagasse (Table 15, Fig.10) 
was attractive from many points. A very high screened yield (57%) of a bleachable pulp 
with a very low kappa number 6.2, high viscosity (1061 ml/g) and comparatively high 
initial ISO brightness (35%) was attained at an alkali ratio (Na2SO3/NaOH) of 40:60 was 
used at higher active alkali charge of 12.4% (as Na2O) and at lower cooking temperature 
of 160oC for a shorter cooking time (60 minutes). The comparatively easy delignification 
with AS-AQ process makes it well suited for production of pulps rich in hemicelluloses, 
which is an essential advantage with regard to the fibre bonding properties The strength 
properties of unbleached AS-AQ bagasse pulp (Table 15) where higher compared to the  
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Table 14. Bagasse: soda and soda-AQ pulping conditions and unbleached pulp evaluation.   
Pulping Process  Soda    
Soda-
AQ   
       
Cook Code   Bag5   Bag4 Bag6 Bag7 
Puping Conditions       
A. A. as Na2O on oven-dry bagasse, %  12.4  12.4 10.85 10.85 
Anthraquinone added on oven-dry bagasse, %    0.1 0.1 0.1 
Liquor-to-bagasse ratio  4:1  4:1 4:1 4:1 
Maximum temperature. oC  165  160 165 155 
Time to maximum temperature, min.  58  57 57 57 
Time at maximum temperature, min.  90  60 60 60 
    0 0 0 
Pulp yield       
Yield of oven-dry digested pulp on oven-dry bagasse, % 54.2  56.3 56.4 57.9 
Yield of oven-dry screened pulp on oven-dry bagasse, % 53.2  55.7 54.8 55.5 
Rejects on oven-dry bagasse, %  1.1  0.6 1.6 2.4 
       
Pulp evaluation       
Viscosity, ml g-1  912  805 968 982 
ISO brightness, %  33.6  33.6 31.4 29.6 
Kappa number  13.9  8.7 12.2 12.2 
       
Initial pulp freeness,  oSR 13  14.5 14 13.5 
Beating time, min 20 6  5 5 6 
 25 10  8 6 11 
 30 14  10 7 15 
Apparent density, g cm-3 unbeaten 0.58  0.58 0.61 0.60 
 20 0.68  0.68 0.71 0.71 
 25 0.71  0.72 0.71 0.73 
 30 0.74  0.76 0.71 0.76 
Breaking length, km unbeaten 3.9  4.6 4.8 4.9 
 20 7.0  7.0 6.4 7.4 
 25 6.8  7.2 6.6 7.6 
 30 6.9  7.4 6.8 7.9 
Runnability factor unbeaten 4.9  5.5 5.5 5.6 
 20 6.6  6.7 6.1 6.6 
 25 6.3  6.6 6.2 6.8 
 30 6.4  6.5 6.3 6.9 
Tensile index, N mg-1 unbeaten 38.2  45.6 47.3 48.3 
 20 68.8  68.5 63.0 72.1 
 25 67.0  70.6 64.9 74.7 
 30 67.6  72.7 66.8 77.8 
Tear index, mN* m2 g-1  unbeaten 6.3  6.4 6.3 6.4 
 20 6.2  6.4 5.7 5.9 
 25 5.8  6.0 5.8 6.1 
 30 5.9  5.7 5.8 6.0 
Burst index, kPa* m2 g-1 unbeaten 2.2  2.7 2.7 2.9 
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 20 4.3  3.9 3.7 4.3 
 25 4.1  4.2 3.8 4.8 
 30 4.0  6.0 4.0 4.8 
Absorption coefficient, m2 kg-1 unbeaten 7.6  6.8 8.5 8.5 
 20 7.7  6.3 7.2 7.7 
 25 7.1  6.1 7.3 7.5 
 30 7.1  6.0 7.4 7.4 
Opacity 80 g m-2, % unbeaten 97.7  96.8 97.6 97.3 
 20 74.1  95.5 96.4 96.0 
 25 95.8  95.0 95.4 95.3 
 30 95.8  94.5 n/a 94.6 
Light-scattering coefficient, m2 kg-1 unbeaten 26.7  26.8 24.3 23.7 
 20 20.0  21.9 21.7 19.5 
 25 20.0  20.5 21.1 18.0 
  30 19.2   19.0 20.5 17.3 
 
Table 15. Bagasse: AS-AQ pulping conditions and unbleached pulp evaluation.      
                    
Pulping Process  Soda  AS-AQ 
          
Cook Code   Bag5   Bag8 Bag9 Bag10 Bag11 Bag12 Bag13 
Puping Conditions          
A. A. as Na2O on oven-dry bagasse, %  12.4  12.4 10.85 12.40 10.85 12.40 10.85 
Chemicals ratio  0  40:60 30:70 30:70 20:80 20:80 40:60 
Anthraquinone added on oven-dry bagasse, %  nill  0.1 0.1 0.1 0.1 0.1 0.1 
Liquor-to-bagasse ratio  4:1  4:1 4:1 4:1 4:1 4:1 4:1 
% of NaOH  0  9.6 9.8 11.2 11.2 12.8 8.4 
% of Na2SO3  nill  6.4 4.2 4.8 2.8 3.2 5.6 
Maximum temperature. oC  165  160 160 160 160 160 160 
Time to maximum temperature, min.  58  57 57 57 57 57 57 
Time at maximum temperature, min.  90  60 60 60 60 60 60 
          
Pulp yield          
Yield of oven-dry digested pulp on oven-dry bagasse, % 54.2  60.7 59.0 57.8 59.3 60.1 61.1 
Yield of oven-dry screened pulp on oven-dry bagasse, % 53.2  57.0 53.9 56.1 56.5 57.9 55.2 
Rejects on oven-dry bagasse, %  1.1  3.7 5.1 1.8 2.8 2.3 5.3 
          
Pulp evaluation          
Viscosity, ml g-1  912  1061 1082 1048 1072 1038 1135 
ISO brightness, %  33.61  35.01 31.16 36.67 29.2 33.37 34.31 
Kappa number  13.93  6.19 10.53 6.49 11.28 7.95 10.1 
          
Initial pulp freeness,  oSR 13  14 15 15 14 14 14 
Beating time, min 20 6  6 3 4 4 4 4 
 25 10  10 8 8 9 8 10 
 30 14  15 13 12 13 12 15 
 unbeaten 0.58  0.60 0.61 0.62 0.58 0.61 0.60 
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Apparent density, g cm-3 20 0.68  0.72 0.69 0.70 0.69 0.69 0.70 
 25 0.71  0.76 0.77 0.75 0.73 0.74 0.75 
 30 0.74  0.77 0.79 0.78 0.79 0.76 0.78 
 unbeaten 3.9  4.9 5.1 4.6 4.9 4.6 5.0 
Breaking length, km 20 7.0  7.7 6.9 6.7 6.7 6.4 7.3 
 25 6.8  8.0 8.1 7.5 7.9 7.4 7.8 
 30 6.9  8.4 8.4 7.7 8.1 7.7 8.4 
 unbeaten 4.9  5.7 5.4 5.5 5.8 5.2 5.6 
Runnability factor 20 6.6  7.1 6.2 6.6 6.6 6.1 6.5 
 25 6.3  6.9 6.7 6.8 7.0 6.6 6.7 
 30 6.4  6.9 6.8 6.7 6.9 6.9 6.8 
 unbeaten 38.2  47.7 50.3 45.0 47.7 44.8 48.5 
Tensile index, N mg-1 20 68.8  75.8 67.5 65.7 66.1 63.1 71.2 
 25 67.0  78.8 79.0 73.2 77.4 72.6 76.3 
 30 67.6  82.7 81.9 75.0 79.2 75.9 82.8 
 unbeaten 6.3  6.6 5.6 6.5 6.9 5.9 6.3 
Tear index, mN* m2 g-1  20 6.2  6.5 5.7 6.6 6.4 5.8 5.8 
 25 5.8  6.0 5.6 6.2 6.2 6.0 5.7 
 30 5.9  5.6 5.5 5.9 6.0 6.1 34.5 
 unbeaten 2.2  2.8 3.2 2.9 3.0 2.7 3.0 
Burst index, kPa* m2 g-1 20 4.3  4.8 4.3 4.1 4.4 4.0 4.3 
 25 4.1  5.3 5.0 4.6 5.0 4.5 5.2 
 30 4.0  5.4 5.2 4.8 5.1 4.7 5.2 
 unbeaten 7.6  6.9 9.1 5.8 8.7 7.2 8.5 
Absorption coefficient, m2 kg-1 20 7.7  6.2 8.1 5.6 7.9 6.7 7.7 
 25 7.1  5.9 7.5 5.1 7.4 6.5 7.5 
 30 7.1  6.0 7.4 4.9 7.2 6.4 7.2 
 unbeaten 97.7  96.7 97.7 95.3 97.5 97.2 97.5 
Opacity 80 g m-2, % 20 74.1  94.5 96.2 94.6 96.5 96.0 95.8 
 25 95.8  93.1 95.3 92.9 95.5 94.8 95.2 
 30 95.8  92.7 94.4 91.6 94.6 93.8 94.4 
 unbeaten 26.7  24.1 23.6 25.2 23.8 24.1 23.2 
Light-scattering coefficient, m2 kg-1 20 20.0  19.5 20.4 21.3 20.2 21.2 19.5 
 25 20.0  17.7 17.7 19.1 17.9 19.0 17.5 
  30 19.2   16.4 16.1 17.6 16.5 17.3 16.1 
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Figure 10. Histograms comparing bagasse pulping
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reference soda pulp. The AS-AQ pulps higher runnability factor, tensile, burst and tear 
indices compared to those for the soda and soda-AQ pulps could be attributed to the 
beneficial effect of the sulphite pulping (Fig. 11-15). A series of cooks were carried out 
with different alkali ratios at a constant active alkali charge (Table15). Increasing the 
Na2SO3 content in the alkali sulphite liquor increased delignification rate, as well as the 
viscosity of the pulp. The pulp highest brightness was achieved with an alkali ratio of 
30:70 at 12.4% active alkali charge (as Na2O). The best results with respect to yield, 
kappa number, viscosity, and physical properties can be obtained at the alkali ratio of 
40:60 with the same active alkali charge (Figs 10, 12-14). 
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4.4.2 Pulping of Bamboo 
For bamboo, kraft pulping is generally preferred to soda pulping when preparing 
chemical pulp (Rydholm 1965; Misra 1980). The kraft process provides satisfactory 
delignification as well as high yield and viscosity. The main reason for this is that the 
fibre dimensions and main chemical constituents of bamboo (i.e. the structure of bamboo) 
typically bear a close resemblance to those of woods. For this reason, the large-scale 
delignification of bamboo is conventionally based on techniques similar to those 
generally applied to wood pulping. 
 
Bamboo (Bambusa procera acher) was delignified in a laboratory-scale digester by 
conventional kraft pulping under varying conditions. Pulps with kappa numbers in the 
range 12.9–56.3 and viscosities in the range 871–1319 ml/g were obtained (Alén and 
Pakkanen 2003).  
 
Depending on the subsequent bleaching sequence and the target paper grade, unbleached 
kraft pulps with kappa number of 18–30 are normally made from bamboo (Bhargava 
1987). 
4.4.2.1 Pulping of Oxytenanthera abyssinica 
Alkaline pulping is the best process considered for pulping bamboo. In spite of the dense 
texture of the bamboo chips, sulphite pulping provides satisfactory delignification as well 
as high yield.   
       The papermaking properties of. oxytenanthera soda, soda-AQ, AS-AQ, ASAM pulps 
compared at different freeness (oSR) levels with the reference kraft pulp  are given  in 
Tables 16-19. Soda-AQ pulping of oxytenanthera (Fig. 16) gave a higher screened yield 
(41.6%) than soda (38.7%) and kraft (38.8%), presumably due to catalyzed 
delignification and the stabilization of end groups of carbohydrates through oxidation to  
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Table 16. Oxytenanthera abyssinica kraft and kraft-AQ pulping conditions and unbleached pulp evaluation. 
             
Pulping Process  Kraft               Kraft-AQ   
Cook Code   oxy6   oxy7 oxy8  
Puping Conditions       
A. A. as Na2O on oven-dry fibre, %  18.6  18.6 18.6  
Chemicals Ratio  40:60  40:60 40:60  
Anthraquinone added on oven-dry fibre, %  nill  0.1 0.2  
Liquor-to -fiber ratio  4:1  4:1 4:1  
% of NaOH  14.4  14.4 14.4  
% of Na2S  9.6  9.6 9.6  
Maximum temperature. oC  170  170 170  
Time to maximum temperature, min.  75  75 75  
Time at maximum temperature, min.  165  165 165  
       
Pulp yield       
Yield of oven-dry digested pulp on oven-dry fibre, % 38.9  41.4 39.7  
Yield of oven-dry screened pulp on oven-dry fibre, % 38.8  41.1 39.6  
Rejects on oven-dry fibre, %  0.1  0.3 0.1  
Pulp evaluation       
Viscosity, ml g-1  1024  1028 1055  
ISO brightness, %  21.0  19.8 22.1  
Kappa number  24.8  26.9 23.5  
 oSR      
Initial pulp freeness unbeaten 14.5  15 15  
Beating time, min 20 23  15 20  
 25 34  26 32  
 30 40  34 39  
 40 56  46 55  
 unbeaten 0.53  0.53 0.52  
Apparent density,g cm-3 20 0.63  0.60 0.64  
 25 0.65  0.64 0.67  
 30 0.67  0.66 0.67  
 40 0.68  0.69 0.68  
Breaking length, km unbeaten 5.6  5.8 6.2  
 20 6.1  6.5 6.4  
 25 6.5  6.5 6.8  
 30 6.7  6.6 7.1  
 40 7.2  7.1 7.4  
Runnability factor unbeaten 8.4  7.9 9.1  
 20 9.2  8.9 9.8  
 25 9.2  9.0 9.9  
 30 9.1  9.2 10.1  
 40 9.2  9.7 10.1  
Tensile index, N m g-1 unbeaten 54.8  56.6 60.6  
 20 60.2  63.6 62.9  
 25 64.1  63.6 66.8  
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 30 66.1  64.9 69.5  
 40 70.9  69.5 72.2  
Tear index, mN m2 g -1 unbeaten 12.6  10.8 13.3  
 20 13.8  12.1 14.9  
 25 13.0  12.4 14.3  
 30 12.4  12.7 14.4  
 40 11.6  13.2 13.9  
Burst index, kPa m2 g -1 unbeaten 3.1  2.8 3.4  
 20 3.6  3.9 3.9  
 25 3.8  4.1 4.4  
 30 4.2  4.2 4.6  
 40 4.4  4.2 4.8  
Absorption coefficient, m2 kg-1 unbeaten 18.0  17.7 15.6  
 20 17.5  17.4 15.8  
 25 17.6  17.4 15.5  
 30 17.8  17.5 15.4  
 40 18.3  17.8 15.5  
Opacity 80g m-2, % unbeaten 99.6  99.6 99.4  
 20 99.5  99.1 99.4  
 25 99.7  99.3 99.2  
 30 99.5  99.4 99.1  
 40 99.5  99.4 99.1  
Light scattering coefficient, m2 kg-1 unbeaten 23.3  23.8 25.4  
 20 19.6  20.5 21.1  
 25 19.6  20.7 20.4  
 30 19.6  20.7 20.5  
  40 19.7   20.5 20.6  
       
Table 17. Oxytenanthera abyssinica soda and soda-AQ pulping conditions and unbleached pulp evaluation. 
              
Pulping Process  Kraft  soda        soda-AQ 
       
Cook Code   oxy6   oxy9 oxy10 oxy11 
Puping Conditions       
A. A. as Na2O on oven-dry fibre, %  18.6  18.6 17.05 18.6 
Chemicals Ratio  40:60     
Anthraquinone added on oven-dry fibre, %  nill  nil 0.1 0.1 
Liquor-to -fiber ratio  4:1  4:1 4:1 4:1 
% of NaOH  14.4  24.0 22.0 24.0 
% of Na2S  9.6     
Maximum temperature. oC  170  170 170 170 
Time to maximum temperature, min.  75  75 75 75 
Time at maximum temperature, min.  165  165 165 165 
       
Pulp yield       
Yield of oven-dry digested pulp on oven-dry fibre, % 38.9  38.8 41.7 41.2 
Yield of oven-dry screened pulp on oven-dry fibre, % 38.8  38.7 41.6 40.8 
Rejects on oven-dry fibre, %  0.2  0.1 0.1 0.4 
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Pulp evaluation       
Viscosity, ml g-1  1024  803 832 757 
ISO brightness, %  21.0  24.8 21.5 23.7 
Kappa number  24.8  23.5 25.5 22.1 
 oSR      
Initial pulp freeness unbeaten 14.5  15 15 15 
Beating time, min 20 23  17 12 15 
 25 34  25 20 23 
 30 40  33 27 31 
 40 56  46 41 43 
 unbeaten 0.53  0.56 0.35 0.53 
Apparent density,g cm-3 20 0.63  0.63 0.54 0.61 
 25 0.65  0.66 0.65 0.63 
 30 0.67  0.68 0.66 0.66 
 40 0.68  0.69 0.70 0.7 
Breaking length, km unbeaten 5.6  4.7 5.7 4.9 
 20 6.1  5.8 5.9 5.4 
 25 6.5  6.3 6.2 5.8 
 30 6.7  6.4 6.5 6.1 
 40 7.2  6.9 7.0 6.6 
Runnability factor unbeaten 8.4  7.1 7.9 7.3 
 20 9.2  8.5 8.4 8.0 
 25 9.2  9.1 8.8 8.5 
 30 9.1  9.4 9.0 8.9 
 40 9.2  9.4 9.0 9.0 
Tensile index, N m g-1 unbeaten 54.8  46.5 55.4 48.4 
 20 60.2  57.1 57.9 52.9 
 25 64.1  61.8 60.8 56.7 
 30 66.1  65.1 64.0 60.1 
 40 70.9  67.4 68.8 64.5 
Tear index, mN m2 g -1 unbeaten 12.6  10.7 10.9 10.7 
 20 13.8  12.4 12.0 12.0 
 25 13.0  13.1 12.4 12.5 
 30 12.4  13.4 12.4 12.9 
 40 11.6  13.0 11.7 12.3 
Burst index, kPa m2 g -1 unbeaten 3.1  2.4 3.4 2.1 
 20 3.6  3.2 3.8 2.9 
 25 3.8  3.5 4.1 3.3 
 30 4.2  3.8 4.3 3.7 
 40 4.4  4.3 4.5 4.0 
Absorption coefficient, m2 kg-1 unbeaten 18.0  14.4 16.4 14.8 
 20 17.5  13.3 15.4 13.9 
 25 17.6  13.3 15.0 13.9 
 30 17.8  13.3 15.0 13.9 
 40 18.3  13.5 14.7 14.4 
Opacity 80g m-2, % unbeaten 99.6  99.7 99.7 99.6 
 20 99.5  99.0 99.1 99.1 
 25 99.7  99.0 99.1 99.1 
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 30 99.5  99.0 99.2 99.0 
 40 99.5  99.0 99.2 99.1 
Light scattering coefficient, m2 kg-1 unbeaten 23.3  27.4 26.6 25.9 
 20 19.6  22.9 21.9 22.0 
 25 19.6  22.8 21.9 21.8 
 30 19.6  22.8 21.8 21.7 
  40 19.7   22.9 21.3 21.9 
       
Table 18. Oxytenanthera abyssinica  AS-AQ pulping conditions and unbleached pulp evaluation. 
              
Pulping Process  Kraft   
AS-
AQ  
       
Cook Code   oxy6   oxy13 oxy17 oxy19 
Puping Conditions       
A. A. as Na2O on oven-dry fibre, %  18.6  18.6 18.6 18.6 
Chemicals Ratio  40:60  30:70 30:70 30:70 
Anthraquinone added on oven-dry fibre, %  nill  0.1 0.1 0.1 
Liquor-to -fiber ratio  4:1  4:1 4:1 4:1 
% of NaOH  14.4  16.8 16.8 16.8 
% of Na2S  9.6  nill nill nill 
% of Na2SO3  nill  7.2 7.2 7.2 
Maximum temperature. oC  170  170 175 170 
Time to maximum temperature, min.  75  75 75 75 
Time at maximum temperature, min.  165  165 165 200 
       
Pulp yield       
Yield of oven-dry digested pulp on oven-dry fibre, % 38.9  42.6 43.5 43.7 
Yield of oven-dry screened pulp on oven-dry fibre, % 38.8  40.1 39.3 41.4 
Rejects on oven-dry fibre, %  0.1  2.4 4.2 2.3 
Pulp evaluation       
Viscosity, ml g-1  1024  955 972 949 
ISO brightness, %  21.0  23.8 22.2 22.1 
Kappa number  24.8  27.9 31.4 30.3 
 oSR      
Initial pulp freeness unbeaten 14.5  14 14 15 
Beating time, min 20 23  21 18 18 
 25 34  32 31 30 
 30 40  43 38 37 
 40 56  55 50 50 
 unbeaten 0.53  0.49 0.49 0.5 
Apparent density,g cm-3 20 0.63  0.61 0.6 0.61 
 25 0.65  0.65 0.62 0.64 
 30 0.67  0.67 0.64 0.65 
 40 0.68  0.73 0.67 0.69 
Breaking length, km unbeaten 5.6  5.4 5.0 5.2 
 20 6.1  6.3 5.7 5.9 
 25 6.5  6.4 6.3 6.4 
 30 6.7  6.7 6.8 6.6 
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 40 7.2  7.1 7.3 6.9 
Runnability factor unbeaten 8.4  7.7 7.3 7.7 
 20 9.2  9.2 8.5 9.0 
 25 9.2  9.2 9.2 9.3 
 30 9.1  9.3 9.5 9.4 
 40 9.2  9.7 9.7 9.5 
Tensile index, N m g-1 unbeaten 54.8  52.5 48.7 50.4 
 20 60.2  62.2 56.3 58.2 
 25 64.1  62.7 61.3 62.6 
 30 66.1  66.0 66.2 64.3 
 40 70.9  69.8 72.0 68.1 
Tear index, mN m2 g -1 unbeaten 12.6  11.2 10.9 11.6 
 20 13.8  13.2 12.7 13.6 
 25 13.0  13.4 13.4 13.6 
 30 12.4  12.8 13.3 13.4 
 40 11.6  13.1 12.8 13.0 
Burst index, kPa m2 g -1 unbeaten 3.1  2.3 2.3 2.3 
 20 3.6  3.5 3.4 3.2 
 25 3.8  3.5 3.7 3.6 
 30 4.2  4.1 4.0 4.0 
 40 4.4  4.7 4.4 4.3 
Absorption coefficient, m2 kg-1 unbeaten 18.0  15.4 11.1 15.1 
 20 17.5  14.3 16.4 15.5 
 25 17.6  14.5 16.5 15.1 
 30 17.8  14.2 16.4 15.0 
 40 18.3  14.3 16.5 15.0 
Opacity 80g m-2, % unbeaten 99.6  99.5 84.2 99.6 
 20 99.5  98.9 99.5 99.3 
 25 99.7  99.0 99.4 99.1 
 30 99.5  99.1 99.3 99.1 
 40 99.5  99.0 99.2 99.1 
Light scattering coefficient, m2 kg-1 unbeaten 23.3  27.0 17.6 25.2 
 20 19.6  21.0 21.7 21.6 
 25 19.6  21.5 20.8 20.9 
 30 19.6  21.1 21.0 20.7 
  40 19.7   21.4 21.3 20.6 
Table 19. Oxytenanthera abyssinica  ASAM pulping conditions and unbleached pulp evaluation. 
              
Pulping Process  Kraft   ASAM  
       
Cook Code   oxy6   oxy12 oxy15 oxy16 
       
A. A. as Na2O on oven-dry fibre, %  18.6  18.6 18.6 18.6 
Chemicals Ratio  40:60  70/30 70/30 60/40 
Anthraquinone added on oven-dry fibre, %  nill  0.1 0.1 0.1 
Liquor-to -fiber ratio  4:1  4:1 4:1 4:1 
% of NaOH  14.4  7.2 7.2 9.6 
% of Na2S  9.6   nill nill 
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% of Na2SO3  nill  16.8 16.8 14.4 
MeOH, % (v/v)  nill  20 20 20 
Maximum temperature. oC  170  175 170 170 
Time to maximum temperature, min.  75  75 75 75 
Time at maximum temperature, min.  165  165 165 165 
       
Pulp yield       
Yield of oven-dry digested pulp on oven-dry fibre, % 38.9  43.0 44.9 46.0 
Yield of oven-dry screened pulp on oven-dry fibre, % 38.8  41.3 42.2 43.1 
Rejects on oven-dry fibre, %  0.1  1.7 2.7 2.9 
Pulp evaluation       
Viscosity, ml g-1  1024  1099 1114 1094 
ISO brightness, %  21.0  38.3 36.3 33.6 
Kappa number  24.8  15.9 19.4 20.7 
 oSR      
Initial pulp freeness unbeaten 14.5  14 14 13 
Beating time, min 20 23  22 20 18 
 25 34  34 32 30 
 30 40  45 41 38 
 40 56  58 53 51 
 unbeaten 0.53  0.5 0.5 0.48 
Apparent density,g cm-3 20 0.63  0.62 0.6 0.6 
 25 0.65  0.59 0.63 0.64 
 30 0.67  0.51 0.63 0.65 
 40 0.68  0.7 0.66 0.68 
Breaking length, km unbeaten 5.6  4.0 4.3 4.5 
 20 6.1  6.1 6.4 6.5 
 25 6.5  6.3 6.8 6.7 
 30 6.7  6.7 7.1 6.9 
 40 7.2  7.2 7.2 7.3 
Runnability factor unbeaten 8.4  6.1 6.9 6.8 
 20 9.2  8.6 8.8 8.7 
 25 9.2  8.6 9.1 9.0 
 30 9.1  8.8 9.3 8.9 
 40 9.2  9.2 9.2 8.9 
Tensile index, N m g-1 unbeaten 54.8  39.6 42.5 43.9 
 20 60.2  59.3 62.3 63.7 
 25 64.1  61.9 67.0 65.5 
 30 66.1  65.8 69.4 67.9 
 40 70.9  71.1 71.0 71.8 
Tear index, mN m2 g -1 unbeaten 12.6  9.2 11.0 10.2 
 20 13.8  12.2 12.2 11.6 
 25 13.0  11.8 12.2 12.2 
 30 12.4  11.6 12.2 11.5 
 40 11.6  11.8 11.8 10.8 
Burst index, kPa m2 g -1 unbeaten 3.1  2.0 2.3 2.1 
 20 3.6  3.8 4.0 4.1 
 25 3.8  3.9 4.5 4.4 
 30 4.2  4.1 4.6 4.4 
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 40 4.4  4.6 4.6 4.7 
Absorption coefficient, m2 kg-1 unbeaten 18.0  7.4 8.3 10.0 
 20 17.5  7.5 7.8 9.6 
 25 17.6  7.4 7.3 9.7 
 30 17.8  7.3 7.9 9.6 
 40 18.3  7.4 8.2 9.5 
Opacity 80g m-2, % unbeaten 99.6  97.8 98.5 98.9 
 20 99.5  97.4 97.6 98.3 
 25 99.7  97.2 97.8 98.2 
 30 99.5  97.0 97.9 98.1 
 40 99.5  97.1 97.8 98.0 
Light scattering coefficient, m2 kg-1 unbeaten 23.3  32.1 32.2 31.4 
 20 19.6  25.8 24.2 24.7 
 25 19.6  25.2 21.9 24.4 
 30 19.6  25.0 24.3 24.1 
  40 19.7   25.4 25.0 23.7 
 
 
 
 
Figure 16. Histograms comparing Oxytenanthera abyssinica pulping
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Figure 18. Oxytenanthera abyssinica pulps runnability beating degree-relationship
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Figure17. Oxytenanthera abyssinica pulps tear- beating degree-relationship
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Figure 20. Oxytenanthera abyssinica pulps burst- beating degree-relationship
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aldonic acid, which is stable to endwise degradation (Irvine and Nelson 1986). The tear 
strength (Fig. 17) increased with increased freeness to a certain level and then decreased. 
The kraft pulp tear was higher at the lower freeness than at further beating where it 
dropped below that of the other pulps (Fig. 17). Addition of AQ to the kraft pulping 
brought no improvement in the tear index. 
       Comparison of viscosities of soda (808 ml/g) and soda-AQ (832 ml/g) pulps with 
kraft pulp viscosity (1024 ml/g) indicated some cellulose degradation reflected also in the 
lower runnability factors (Fig.18). 
       The tensile index of soda and soda-AQ was lower than that of the kraft pulp while 
burst index of soda-AQ was higher than that of both kraft and soda pulps (Figs 19-20). 
Opacity, which is desired for glassine paper and printing papers, was lower for soda and 
soda-AQ pulps (Table 17) compared to the kraft pulp, while the light-scattering 
coefficient, important for tissue papers, was best for the soda and soda-AQ pulps (Table 
17).  
       Addition of 0.1% anthraquinone to kraft cooking liquor (Table 16) gave a higher 
screened yield (41.1%) than the kraft pulp. The improvement in strength properties was 
more pronounced for tear than for tensile or burst index. On the other hand, addition of 
0.2% anthraquinone increased further the rate of delignification at the same alkali charge. 
The viscosity, yield and the strength properties of the pulp were improved distinctly 
compared to reference kraft pulp. 
 
        In alkaline sulphite pulping of oxytenanthera (Table 18), a series of cooks were 
conducted out with the same active alkali charge (18.6% as Na2O) and alkali ratio of 
30:70. The AS-AQ cooks, gave higher yields and rejects but lower viscosity than the 
kraft cook (Fig. 16). Despite the different kappa numbers of the pulps, higher strength 
values were achieved compared to kraft reference pulp (Figs17-20). This was valid for all 
strength properties, but was more pronounced for tear (Fig. 17) and tensile (Fig. 19) than 
for the burst (Fig. 20) and runnability (Fig. 18). The  ISO brightness was almost the same 
as of the kraft pulp. The best pulping results obtained with respect to screened yield, 
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kappa number and strength properties (Table 18, Figs 16-21) were for AS-AQ pulp 
Oxy13.  
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Figure 21. Oxytenanthera abyssinica pulps tear- tensile-relationship
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The ASAM pulping of oxytenanthera (Table 19) was again the most attractive. A very 
high-screened yield of unbleached pulps with a low kappa number, high viscosity, high 
initial ISO brightness (Fig. 16) and excellent strength properties (Figs 17-20 were 
obtained. A series of cooks were carried out at the same alkali level (18.3% as Na2O), but 
with different chemical ratios. In comparison with the kraft reference ASAM pulping 
results in a far better yield-kappa relationship. Total yield for ASAM pulp (Oxy15) was 
higher (44.9%) than for kraft (38.9%), even though the pulping was extended to a much 
lower kappa number of 19.4. This is in agreement with the same finding of Kordsachia 
and Patt 1991. 
The high selectivity of the ASAM pulping could be attributed to the lower alkalinity of 
the ASAM process and the presence of methanol and anthraquinone, which protect the 
charbohydrates. During the bulk delignification carbohydrates are very stable and only in 
the final cooking phase the carbohydrate degradation is enhanced (Patt et al.1998). 
 
     Oxytenanthera ASAM pulp (Oxy15) showed a high viscosity of 1114 ml/g and better 
initial ISO brightness of 36.3% at 19.4 kappa compared to the kraft reference pulps (1024 
ml/g, 24.8 and 21.0%ISO, respectively) (Table 19). The high viscosity indicated less 
cellulose degradation. The ASAM pulps have the best strength properties (Figs 17-20) 
exceeding those of the kraft reference pulp. The kraft pulp showed the lowest tensile and 
tear strengths but still within the common scope. The high tear index of ASAM pulps 
(Fig 17) is probably due to the milder pulping conditions, leaving the carbohydrates at a 
high degree of polymerization. With regard to the ability to scatter light the ASAM pulps 
were superior to the kraft reference pulp particularly at the low tensile indices has already 
mentioned in the literature (Kordsachia et al. 1990). The best results of ASAM pulps with 
respect to yield and viscosity were obtained at a chemical ratio of 70:30 for Oxy15 (Table 
19). 
 
4.4.2.2 Pulping of Bambusa vulgaris 
The bambusa was more difficult to pulp than oxytenanthera and the kappa number-yield 
relationships were less favourable. Thus, a kappa number less than 20 was not achieved 
with the condition used except with the ASAM pulping (Tables 20-23). 
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       In kraft pulping of bambusa (V7) carried out as a reference cook with an active alkali 
level of 18.6% as Na2O a kappa number of 22.1 was attained (Table 20). The addition of 
0.1 % anthraquinone to the cooking liquor (V8) with the same effective alkali charge 
gave an increase in the screened yield by 1.2% (Fig. 22) and a slight improvement in 
viscosity.  The AQ (0.1%) addition also improved the strength properties of the pulp. 
Addition of 0.2% AQ to the kraft pulping (V11) showed better improvement in strength 
properties than 0.1% AQ addition but lower viscosity and screened yield (Table 20). 
      The bambusa soda and soda-AQ pulping (Table 21) with different active alkali levels 
resulted in acceptable screened yields. The soda-AQ pulps when compared with the kraft 
reference pulp at the same kappa number of 22 gave an improvement in ISO brightness at 
a lower screened yield with a drop in viscosity of only 17-20%. Kraft pulp was superior 
to soda and soda-AQ pulps in all strength properties (Figs 23-27) except the soda-AQ 
pulp tensile index (Fig. 23).   
      The alkaline sulphite process combines the advantages of kraft pulping, i.e. strong 
pulps and no limitation to wood species, with sulphite pulp characteristics such as high 
yield, high brightness and easy bleachability with lesser or no odour problems (Fengel 
and Wegener 1984). A comparison of unbleached bambusa AS-AQ (V16) and kraft 
reference (V7) pulps (Table 22, Fig. 22) cooked at the same cooking conditions with the 
same active alkali charge, indicated that AS-AQ pulp had higher screened yield (39.2%) 
but lower viscosity. The runnability factor (Fig. 26) was also higher for AS-AQ pulp. The 
high tensile strength of AS-AQ pulp (V16) (Fig. 23) reflected the good selectivity of this 
pulping process, preserving the hemicelluloses to a great extent. The tensile index (Fig. 
23) and bust index (Fig. 25) were higher for AS-AQ while tear (Fig. 24) was higher for 
the kraft pulp. Both pulps had the same negligible rejects (Fig. 22). The same trends were 
observed when comparing AS-AQ (V16) and kraft (V5) pulps at the same kappa number 
of 30 (Table 22). The high degree of delignification of the AS-AQ pulp indicated that 
higher chemical charge was needed to achieve a favourable kappa number-yield  
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Table 20. Bambusa vulgaris: kraft and kraft-AQ pulping conditions and unbleached pulp evaluation. 
             
Pulping Process  kraft          kraft-AQ  
Cook Code  v7*  v8 v11  
             
Puping Conditions       
A. A. as Na2O on oven-dry fibre, %  18.6  18.6 18.6  
Chemicals ratio  40:60  40:60 40:60  
Anthraquinone  on oven-dry fibre, %  0.0  0.1 0.2  
Liquor -to- fibre ratio  4:1  4:1 4:1  
% of Na2S  14.4  14.4 14.4  
% of Na2SO3  9.6  9.6 9.6  
Maximum temperature, oC  170  170 170  
Time to maximum temperature, min.  75  75 75  
Time at maximum temperature, min.  165  165 165  
       
Pulp yield       
Yield of oven-dry digested pulp on oven-dry fibre, % 38.4  39.6 38.3  
Yield of oven-dry screened pulp on oven-dry fibre, % 38.3  39.4 38.2  
Rejects on oven-dry fibre, %  0.1  0.2 0.1  
       
Pulp evaluation       
Viscosity, ml g-1  1006  1010 958  
ISO brightness, %  18.8  18.3 19.4  
Kappa number  22.1  27.6 24.1  
 oSR      
Initial pulp freeness unbeaten 14.0  14.0 15.0  
Beating time, min 20 30.0  27.0 26.0  
 25 38.0  39.0 39.0  
 30 46.0  47.0 47.0  
 40 54.0  58.0 58.0  
Apparent density, g m-3 unbeaten 0.48  0.48 0.50  
 20 0.56  0.56 0.59  
 25 0.58  0.59 0.59  
 30 0.60  0.61 0.59  
 40 0.61  0.62 0.62  
Breaking length, km unbeaten 3.6  4.0 4.5  
 20 4.7  4.7 4.6  
 25 5.3  5.3 21.9  
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 30 6.0  5.9 35.3  
 40 6.0  6.4 38.9  
Runnability factor unbeaten 7.9  8.4 9.0  
 20 10.9  10.1 11.6  
 25 11.1  10.4 12.3  
 30 11.3  10.8 12.4  
 40 11.2  10.8 12.2  
Tensil index, Nm g-1 unbeaten 35.7  39.0 44.3  
 20 45.7  46.1 45.2  
 25 52.4  52.2 52.6  
 30 58.4  57.7 58.0  
 40 58.4  62.5 63.0  
Tear index, mN m2 g-1 unbeaten 17.0  17.9 18.0  
 20 25.4  21.6 29.4  
 25 23.4  20.5 28.6  
 30 21.5  19.8 26.1  
 40 21.0  18.4 23.2  
Burst- idex, kPa m2 g-1 unbeaten 2.6  2.6 1.9  
 20 2.9  3.4 2.7  
 25 3.4  3.7 3.5  
 30 3.9  4.2 4.0  
 40 4.1  4.6 4.0  
Opacity 80g m-2, % unbeaten 99.6  99.7 99.8  
 20 99.3  99.2 99.4  
 25 99.4  99.3 99.5  
 30 99.5  99.4 99.5  
 40 99.6  99.6 99.5  
Absorption coefficient, m2 kg-1 unbeaten 19.5  20.2 17.9  
 20 18.5  17.8 16.7  
 25 18.9  18.0 16.7  
 30 19.3  18.3 18.7  
 40 19.2  18.4 16.7  
Light-scattering coefficient, m2 kg-1 unbeaten 20.6  21.1 23.3  
 20 18.9  18.6 20.8  
 25 19.5  19.2 21.3  
 30 20.1  19.7 21.5  
  40 19.8   20.1 21.9   
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Table 21. Bambosa vulgaris: soda and soda-AQ pulping conditions and unbleached pulp evaluation. 
              
Pulping Process  kraft  soda            soda-AQ   
Cook Code  v7*  v12 v13 v14 
              
Puping Conditions       
A. A. as Na2O on oven-dry fibre, %  18.6  18.6 18.6 17.1 
Chemicals ratio  40:60     
Anthraquinone  on oven-dry fibre, %  nill  nill 0.1 0.1 
Liquor -to- fibre ratio  4:1  4:1 4:1 4:1 
% of NaOH  0  24.0 24.0 22.0 
% of Na2S  14.4  0.0 0.0 0.0 
% of Na2SO3  9.6  0.0 0.0 0.0 
Maximum temperature, oC  170  170 170 170 
Time to maximum temperature, min.  75  75 75 75 
Time at maximum temperature, min.  165  165 165 165 
       
Pulp yield       
Yield of oven-dry digested pulp on oven-dry fibre, % 38.4  38.3 36.7 37.3 
Yield of oven-dry screened pulp on oven-dry fibre, % 38.3  38.2 36.7 37.3 
Rejects on oven-dry fibre, %  0.1  0.1 0.0 0.0 
       
Pulp evaluation       
Viscosity, ml g-1  1006  752 805 835 
ISO brightness, %  18.8  21.6 23.3 22.3 
Kappa number  22.1  27.7 19.5 21.9 
 oSR      
Initial pulp freeness unbeaten 14.0  15.0 15.0 15.0 
Beating time, min 20 30.0  21.0 19.0 28.0 
 25 38.0  34.0 28.0 38.0 
 30 46.0  42.0 38.0 46.0 
 40 54.0  56.0 50.0 58.0 
Apparent density, g m-3 unbeaten 0.48  0.50 0.50 0.56 
 20 0.56  0.56 0.59 0.59 
 25 0.58  0.58 0.59 0.59 
 30 0.60  0.58 0.59 0.59 
 40 0.61  0.60 0.60 0.61 
Breaking length, km unbeaten 3.6  18.7 4.5 4.7 
 20 4.7  4.3 4.8 4.4 
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 25 5.3  4.8 4.9 5.0 
 30 6.0  5.5 5.4 5.7 
 40 6.0  6.1 6.2 6.3 
Runnability factor unbeaten 7.9  8.1 9.7 8.3 
 20 10.9  9.4 10.3 9.7 
 25 11.1  9.8 9.9 9.9 
 30 11.3  10.2 10.1 10.3 
 40 11.2  10.8 10.4 11.0 
Tensil index, Nm g-1 unbeaten 35.7  37.4 44.0 46.0 
 20 45.7  42.3 46.6 43.3 
 25 52.4  47.5 47.6 49.4 
 30 58.4  53.6 52.9 55.4 
 40 58.4  60.2 60.9 61.4 
Tear index, mN m2 g-1 unbeaten 17.0  17.2 21.1 14.8 
 20 25.4  20.7 22.2 21.1 
 25 23.4  20.0 20.1 19.8 
 30 21.5  19.2 18.9 18.7 
 40 21.0  19.1 17.6 19.2 
Burst- idex, kPa m2 g-1 unbeaten 2.6  2.8 2.1 2.3 
 20 2.9  2.8 2.8 2.6 
 25 3.4  3.3 3.0 3.1 
 30 3.9  3.5 3.4 3.6 
 40 4.1  3.9 3.8 4.1 
Opacity 80g m-2, % unbeaten 99.6  99.4 99.5 99.4 
 20 99.3  99.2 99.0 99.0 
 25 99.4  99.2 99.0 99.2 
 30 99.5  99.4 99.1 99.3 
 40 99.6  99.4 99.2 99.2 
Absorption coefficient, m2 kg-1 unbeaten 19.5  16.8 14.9 14.8 
 20 18.5  15.5 13.1 14.2 
 25 18.9  15.5 12.8 14.4 
 30 19.3  15.8 13.3 14.5 
 40 19.2  16.2 13.8 15.0 
Light-scattering coefficient, m2 kg-1 unbeaten 20.6  24.3 25.4 23.8 
 20 18.9  21.9 23.0 21.8 
 25 19.5  21.9 22.7 22.1 
 30 20.1  22.4 23.4 22.4 
  40 19.8   22.9 24.0 23.3 
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Table 22. Bambosa vulgaris: AS-AQ pulping conditions and unbleached pulp evaluation.  
              
Pulping Process  kraft   AS/AQ 
Cook Code  v7*  v5*  v16 
              
Puping Conditions       
A. A. as Na2O on oven-dry fibre, %  18.6  17.1  18.6 
Chemicals ratio  40:60  40:60  30:70 
Anthraquinone  on oven-dry fibre, %  0.0  0.0  0.1 
Liquor -to- fibre ratio  4:1  4:1  4:1 
% of NaOH      16.8 
% of Na2S  14.4  13.2  0.0 
% of Na2SO3  9.6  8.8  7.2 
Maximum temperature, oC  170  170  170 
Time to maximum temperature, min.  75  75  75 
Time at maximum temperature, min.  165  165  165 
       
Pulp yield       
Yield of oven-dry digested pulp on oven-dry fibre, % 38.3  37.6  39.9 
Yield of oven-dry screened pulp on oven-dry fibre, % 38.2  37.5  39.2 
Rejects on oven-dry fibre, %  0.1  0.1  0.7 
       
Pulp evaluation       
Viscosity, ml g-1  1006  1083  964 
ISO brightness, %  18.8  36.3  21.5 
Kappa number  22.1  29.8  30.4 
 oSR      
Initial pulp freeness unbeaten 14.0  13.5  15.0 
Beating time, min 20 30.0  35.0  20.0 
 25 38.0  47.0  32.0 
 30 46.0  53.0  39.0 
 40 54.0  60.0  55.0 
Apparent density, g m-3 unbeaten 0.48  0.5  0.48 
 20 0.56  0.6  0.60 
 25 0.58  0.6  0.56 
 30 0.60  0.6  0.57 
 40 0.61  0.6  0.61 
Breaking length, km unbeaten 3.6  4.1  4.8 
 20 4.7  5.1  5.3 
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 25 5.3  5.5  5.6 
 30 6.0  6.0  6.1 
 40 6.0  6.6  6.5 
Runnability factor unbeaten 7.9  7.9  9.3 
 20 10.9  10.9  10.1 
 25 11.1  11.3  10.5 
 30 11.3  11.3  10.9 
 40 11.2  11.4  10.9 
Tensil index, Nm g-1 unbeaten 35.7  39.8  47.0 
 20 45.7  50.3  51.9 
 25 52.4  53.9  55.0 
 30 58.4  59.3  59.4 
 40 58.4  64.6  64.1 
Tear index, mN m2 g-1 unbeaten 17.0  15.5  18.0 
 20 25.4  23.3  19.2 
 25 23.4  23.5  19.7 
 30 21.5  21.5  19.5 
 40 21.0  19.8  18.4 
Burst- idex, kPa m2 g-1 unbeaten 2.6  1.9  2.4 
 20 2.9  3.1  3.1 
 25 3.4  3.4  3.4 
 30 3.9  3.8  3.9 
 40 4.1  4.2  4.5 
Opacity 80g m-2, % unbeaten 99.6  99.9  99.6 
 20 99.3  99.5  99.4 
 25 99.4  99.7  99.4 
 30 99.5  99.6  99.2 
 40 99.6  99.5  99.2 
Absorption coefficient, m2 kg-1 unbeaten 19.5  20.9  16.0 
 20 18.5  20.8  15.8 
 25 18.9  21.5  16.0 
 30 19.3  20.7  16.0 
 40 19.2  19.8  16.0 
Light-scattering coefficient, m2 kg-1 unbeaten 20.6  19.4  23.8 
 20 18.9  18.1  21.1 
 25 19.5  18.6  20.8 
 30 20.1  18.2  20.9 
  40 19.8   17.9   21.2 
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Table 23. Bambosa vulgaris: ASAM pulping conditions and unbleached pulp evaluation.  
Pulping Process  kraft   ASAM 
Cook Code       
    v7*   v15* v17 v18 
Puping Conditions       
A. A. as Na2O on oven-dry fibre, %  18.6  18.6 18.6 18.6 
Chemicals ratio  40:60  70/30 70/30 60/40 
Anthraquinone  on oven-dry fibre, %  0.0  0.1 0.1 0.1 
Liquor -to- fibre ratio  4:1  4:1 4:1 4:1 
% of NaOH    7.2 7.2 9.6 
% of Na2S  14.4  0.0 0.0 0.0 
% of Na2SO3  9.6  16.8 16.8 14.4 
MeOH, % (v/v)  0.0  20.0 20.0 20.0 
Maximum temperature, oC  170  175 170 170 
Time to maximum temperature, min.  75  75 75 75 
Time at maximum temperature, min.  165  165 165 165 
       
Pulp yield       
Yield of oven-dry digested pulp on oven-dry fibre, % 38.4  38.9 42.2 41.6 
Yield of oven-dry screened pulp on oven-dry fibre, % 38.3  37.1 38.4 38.7 
Rejects on oven-dry fibre, %  0.1  1.8 3.8 2.9 
       
Pulp evaluation       
Viscosity, ml g-1  1006  1116 1141 1157 
ISO brightness, %  18.8  20.9 35.4 34.0 
Kappa number  22.1  17.8 22.8 21.0 
 oSR      
Initial pulp freeness unbeaten 14.0  15.0 15.0 15.0 
Beating time, min 20 30.0  30.0 23.0 23.0 
 25 38.0  41.0 38.0 33.0 
 30 46.0  50.0 48.0 39.0 
 40 54.0  n/a 60.0 52.0 
Apparent density, g m-3 unbeaten 0.48  0.45 0.48 0.48 
 20 0.56  0.60 0.59 0.59 
 25 0.58  0.60 0.59 0.59 
 30 0.60  0.60 0.60 0.59 
 40 0.61  n/a 0.63 0.62 
Breaking length, km unbeaten 3.6  4.0 4.4 3.9 
 20 4.7  5.2 5.2 5.3 
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 25 5.3  5.6 5.8 5.7 
 30 6.0  6.0 6.2 6.1 
 40 6.0  n/a 6.3 6.7 
Runnability factor unbeaten 7.9  8.4 8.9 8.4 
 20 10.9  10.5 11.0 10.7 
 25 11.1  10.7 10.9 10.8 
 30 11.3  10.8 11.1 10.9 
 40 11.2  n/a 10.8 11.0 
Tensil index, Nm g-1 unbeaten 35.7  39.6 43.1 38.4 
 20 45.7  50.6 50.9 52.0 
 25 52.4  55.0 56.9 55.8 
 30 58.4  59.1 61.1 59.5 
 40 58.4  n/a 61.7 65.2 
Tear index, mN m2 g-1 unbeaten 17.0  17.4 18.2 18.0 
 20 25.4  21.4 23.2 21.5 
 25 23.4  20.3 20.6 20.6 
 30 21.5  19.3 19.7 19.8 
 40 21.0  n/a 18.6 18.1 
Burst- idex, kPa m2 g-1 unbeaten 2.6  2.1 2.3 2.2 
 20 2.9  3.3 3.5 3.1 
 25 3.4  3.7 3.6 3.4 
 30 3.9  4.2 3.7 3.6 
 40 4.1  n/a 4.3 4.1 
Opacity 80g m-2, % unbeaten 99.6  97.7 97.8 98.3 
 20 99.3  97.3 96.7 97.8 
 25 99.4  97.1 97.1 97.5 
 30 99.5  97.3 97.5 97.4 
 40 99.6  n/a 97.4 97.4 
Absorption coefficient, m2 kg-1 unbeaten 19.5  7.7 7.4 9.0 
 20 18.5  8.1 7.2 8.8 
 25 18.9  7.9 7.3 8.7 
 30 19.3  7.9 7.3 8.6 
 40 19.2  n/a 7.4 8.5 
Light-scattering coefficient, m2 kg-1 unbeaten 20.6  28.9 29.2 27.8 
 20 18.9  25.1 24.2 23.5 
 25 19.5  25.0 24.2 23.1 
 30 20.1  25.0 24.4 23.2 
  40 19.8   n/a 24.7 23.3 
n/a - not available       
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Figure 22 .Histograms comparing Bambusa vulgaris pulping
0
20
40
60
80
100
120
  Screened yield , %  Rejects,% × 10 Viscosity, ml g-1 /10 ISO brightness, % Kappa number
Soda Soda-AQ kraft kraft-AQ AS-AQ ASAM
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
112
relationship. AS-AQ (V16) pulp was fairly brighter in colour, as in this process the lignin 
condensation only occurs to a considerable extent when most of the lignin had been 
removed from the pulp (Singh 1979). 
         The ASAM pulping trials of bambusa (Table 16) carried out with the same active 
alkali charge (18.6%) gave 40-42% yields, low kappa numbers (17.8-22.8) outstanding 
viscosities of 1116-1157 ml/g and initial ISO brightness of 30-35.4%. Increasing the 
NaOH charge in the alkaline-sulphite-anthraquinone-methanol pulping liquor increased 
the delignification rate, as well as the viscosity of the pulp. While an increase in 
temperature during ASAM cooking (V15) to 175oC compared to 170oC for V17 reduced 
the kappa number by 28% but led also to a reduction in the yield and rejects (Table 16) 
due to the degradation of the polysaccharides. This is due to the fact that in ASAM 
process the dissolution of lignin starts at low temperature with the formation of highly 
soluble lignin. 
       The results obtained at same chemical charge (18.6%) and cooking time for kraft 
reference (V7) and ASAM (V17) pulps indicated that the ASAM process produced pulp 
with higher yield (42.2%), viscosity (1141 ml/g), and ISO brightness (35.4%) at nearly 
the same delignification rate (Fig. 13). 
       The strength properties of ASAM pulps (Figs 14-18) were also superior to those of 
kraft pulps. The high tensile index (Fig. 14) which is mainly based on the good bonding 
ability of the fibres, results from the very high hemicelluloses content of the ASAM pulp 
due to the high stability of xylans and cellulose in the outer cell wall layers (Patt et al 
1998). Although the kraft reference pulp (V7) had astonishingly high tear index (Fig. 15). 
The runnability factor of the ASAM pulp (Fig. 17, Table 16) was more than double that 
of the kraft pulp. The superiority of the ASAM pulping process is due to the preservation 
of the carbohydrates by the methanol resulting in a high yield. The cellulose is very stable 
even in an extended cook. Methanol improves solubility, suppresses the formation of 
radicals and reduces the dissociation of the cooking chemicals (Patt and Kordsachia 
1998).  
The light–absorption coefficient (Table16) and opacity, important for writing and 
printing papers, were best for the kraft pulp, while light-scattering coefficient of ASAM 
pulps was higher.  
 
 
113
 
35
40
45
50
55
60
65
70
15 20 25 30 35 40 45
Beating Degree, oSR
Te
ns
ile
 In
de
x,
 m
N
/g
Kraft Soda Soda-AQ AS-AQ ASAM
Figure24. Bambusa vulgaris pulps tear-beating degree-  relationships
15
17
19
21
23
25
27
15 20 25 30 35 40 45
Beating Degree, oSR
Te
ar
 In
de
x,
 m
N
m
2/
g
Kraft Soda Soda-AQ AS-AQ ASAM
Figure23. Bambusa vulgaris pulps tensile-beating degree-relationships 
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4.5 PULP BLENDING  
  
4.5.1 Pulp Blends of Bamboo with Bagasse 
Bagasse pulp cooked in rapid digester can be mixed with bamboo/wood pulp in any 
desired proportion and almost all grades of paper are produced. When bagasse pulp is 
mixed with bleached bamboo pulp, it has been proved beyond doubt that varnishability, 
surface oil absorption and wax pick improved with the increase in percentage of bagasse 
fibre in the furnish (Sinha  et al. 1970). 
       The blending trials conducted (Table 24) revealed that bamboo is an ideal fibre blend 
for bagasse pulp in any desired proportions depending upon the grade of paper to be 
manufactured, as bamboo is a long fibred raw material. 
       Because of the relatively low tensile strength (Fig.19, Table 24) of the long 
oxynanthera fibre with high tear resistance (Fig.17, Table 24), oxytenanthera AS-AQ 
pulp (Oxy13) was blended with the strongly bonding bagasse AS-AQ pulp (Bag8) in 
three ratios (10:90, 30:70, and 50:50). Figures 28-32 show the strength properties and 
runnability of the oxytenanthera / bagasse pulp blends. 
       With all blending ratios the tensile strength of oxy/bag pulp blends (Fig. 28, Table 
24) had improved, and the values were more or less the same as for 100% bagasse pulp.  
On the other hand, the tear index of the blends was improved compared to that of 100% 
bagasse pulp. The 50:50 blends had the highest tear strength (Fig. 29), runnability factor 
(Fig. 30), opacity and light-scattering coefficient (Table 24). The burst index (Fig. 31) 
was more or less similar for all blend ratios. However, the 30:70 blend furnish had 
highest breaking length. The improvement in the properties was reflected also in the 
shortened beating time for oxytenanthera pulps. 
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Table 24.Blends of Oxytenanthera abyssinica (Oxy13) and bagasse (Bag8) AS-AQ pulps. 
                  
Pulping Process  AS-AQ 
Cook Code   oxy13 oxy/bag  oxy/bag  oxy/bag Bag8 
Blends ratio   100 10/90   30/70   50/50 100 
Puping Conditions         
A. A. as Na2O on oven-dry fibre, %  18.6      12.4 
Chemicals Ratio  30:70      40:60
Anthraquinone added on oven-dry fibre, %  0.1      0.1 
Liquor-to -fiber ratio  4:1      4:1 
% of NaOH  16.8      9.6 
% of Na2SO3  7.2      6.4 
Maximum temperature. oC  170      160 
Time to maximum temperature, min.  75      57 
Time at maximum temperature, min.  165      60 
Pulp yield         
Yield of oven-dry digested pulp on oven-dry fibre, % 42.55      60.74 
Yield of oven-dry screened pulp on oven-dry fibre, % 40.11      57.04 
Rejects on oven-dry fibre, %  2.43      3.70 
Pulp evaluation  955      1061 
Viscosity, ml g-1  23.81      35 
ISO brightness, %  27.85      6.19 
Kappa number         
 oSR        
Initial pulp freeness unbeaten 14 18  17  16 14 
Beating time, min 25 32 13  18  20 10 
 30 43 18  24  27 15 
 40 55 27  -  - - 
Apparent density,g cm-3 unbeaten 0.49 0.71  0.66  0.62 0.60 
 25 0.65 0.75  0.72  0.66 0.76 
 30 0.67 0.75  0.75  0.68 0.77 
 40 0.73 0.76  -  - - 
Breaking length, km unbeaten 5.35 7.77  7.48  7.39 4.86 
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 25 6.39 8.24  8.18  8.01 8.04 
 30 6.73 5.24  8.37  8.12 8.43 
 40 7.11 8.67  -  - - 
Runnability factor unbeaten 7.7 7.50  8.00  8.5 5.70 
 25 9.2 7.20  7.80  8.5 6.90 
 30 9.3 7.20  7.90  8.6 6.90 
 40 9.7 7.20  -  - - 
Tensile index, N m g-1 unbeaten 52.5 76.20  73.30  72.5 47.70 
 25 62.7 80.80  80.30  78.6 78.80 
 30 66 82.60  82.10  79.7 82.70 
 40 69.8 85.00  -  - - 
Tear index, mN m2 g -1 unbeaten 11.2 7.20  8.50  9.8 6.60 
 25 13.4 6.40  7.40  9.1 6.00 
 30 12.8 6.20  7.40  9.1 5.60 
 40 13.1 6.00  -  - - 
Burst index, kPa m2 g -1 unbeaten 2.3 4.60  4.70  4.2 2.80 
 25 3.5 5.10  5.10  5.1 5.30 
 30 4.1 5.20  5.20  5.2 5.40 
 40 4.7 5.20  -  - - 
Absorption coefficient, m2 kg-1 unbeaten 15.37 6.01  8.18  10.46 6.85 
 25 14.46 6.05  8.24  10.04 5.87 
 30 14.24 6.09  7.98  10.06 6.01 
 40 14.3 5.57  -  - - 
Opacity 80g m-2, % unbeaten 99.5 94.70  97.40  98 96.70 
 25 99 93.50  96.70  98 93.10 
 30 99.1 93.00  96.20  98.2 92.70 
 40 99 91.70  -  - - 
Light scattering coefficient, m2 kg-1 unbeaten 27 21.40  22.70  23.6 24.10 
 25 21.5 20.10  20.10  21 17.70 
 30 21.1 19.5  19.4  20.4 16.40 
  40 21.4 17.2   -   - - 
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Figure 28. Oxytenanthera abyssinica and bagasse  AS-AQ pulp blends                     
tensile index-beating degree - relationship 
Figure 29. Oxytenanthera abyssinica and bagasse  AS-AQ pulp blends tear  
                   index-beating degree - relationship 
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4.6  TCF BLEACHING 
 
For TCF bleaching the kappa number of the pulp should be equal or below 20 and the 
transition metal ions content should be as low as possible. Prior to the main TCF 
bleaching, trials with small pulp amounts were carried out to optimize the bleaching 
conditions.   
 
4.6.1 TCF Bleaching of Bagasse Pulps 
 
4.6.1.1 Optimization of the TCF Bleaching of Bagasse Pulps 
 
The unbleached bagasse soda (Bag5), soda-AQ (Bag7) and AS-AQ (Bag8) pulps were 
selected for the TCF bleaching, due to their high initial viscosity and ISO brightness, low 
lignin content, good yield and strength properties (Fig.10). The AS-AQ pulp gave 
substantially higher unbleached pulp yield compared to soda and soda-AQ cooks as well 
as higher initial brightness (35.2%) than that of the both soda (33.6%) and soda-AQ 
(29.6%) unbleached pulps and the viscosity exceeded that of soda-AQ pulp by 8%. 
       A single peroxide (P) bleaching stage after a chelation (Q) stage was conducted with 
the three unbleached bagasse pulps (Tables 25-27). The chelation with 0.1% DTPA was 
carried out for removing the transition metal ions that cause decomposition of the 
peroxide. The 10 % pulp consistency was treated for retention time of 240 min at 
temperature of 70oC. Different charges of H2O2 (2-4%), MgSO4 (0.3%) and NaOH (1.5-
3%) were used for bleaching in the presence of 0.1% DTPA. The ISO brightness reached 
was below 70%. The variation in the alkali charge from 1.5-3.0% brought an increase in 
the ISO brightness in the range of 55-62%, 56-64%, 61-68% for soda, soda-AQ and AS-
AQ bleached pulps, respectively compared to the unbleached pulps. The increase in the 
alkali charge decreased the kappa number by one unit. However the use of a chelant 
before the P stage was insufficient to stabilize the peroxide. The low ISO brightness gain  
  
Table 25. Prelimminary TCF bleaching trials of bagasse soda  pulp 
                
Stage  
Chemical 
charge %  
Initial 
pH 
Final 
pH 
Consummed 
peroxide  
Kappa 
number 
   ISO 
brightness, 
Pulp treatment Chemical on o.d pulp   %   % 
Unbleached pulp - - - - - 13.93 33.61 
                
Chelation (Q1) DTPA 0.1 5.0 n/a - n/a n/a 
        
        
 Peroxide (P)    Q1P NaOH/ MgSO4/H2O2 1.5/0.3/2.0 11.2 11.1 80.9 6.8 55.3 
  3/0.3/4.0 11.5 12.0 87.0 5.4 61.5 
        
Pressurized peroxide (O/P)             Q1O/P NaOH/ MgSO4/H2O2 2/0.3/1.0 12.2 11.9 100 n/a n/a 
                
Chelation (Q2)               
Q1O/PQ2 DTPA 0.1 5.1 n/a - n/a 59.1 
        
Peroxide (P)        
                             1-  Q1O/PQ2P NaOH/ MgSO4/H2O2 3/0.3/4.0 11.6 11.7 25.0 n/a 72.7 
                             2-  Q1O/PQ2P  2.5/0.3/4.0 11.2 11.3 19.0 n/a 71.4 
  .      
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Constant conditions:         
Chelation (Q):60 oC,30 min, 3%consistency         
Peroxide bleaching(P): 70 oC,240 min,10%consistency       
Pressurized Peroxide bleaching( O/P): 0.6 MPa, 90 oC,90 min,10%consistency         
Peroxide bleaching(P): 80 oC,180 min,10%consistency         
n/a - not available        
        
Table 26. Prelimminary TCF bleaching trials of Bagasse (Bag7) soda AQ pulp       
                
Stage  
Chemical 
charge %  
Initial 
pH 
Final 
pH 
Consummed 
peroxide  
Kappa 
number 
   ISO 
brightness, 
Pulp treatment Chemical on o.d pulp   %   % 
Unbleached pulp           12.21 29.6 
        
1-Chelation (Q1) DTPA 0.1 6.0 n/a - n/a n/a 
        
Peroxide (P)        Q1P NaOH/ MgSO4/H2O2 1.5/0.3/2.0 11.3 11.1 80.9 4.9 56.2 
                                                       3.0/0.3/4.0 11.5 12.2 87.0 3.9 63.5 
        
Pressured peroxide (O/P)        
                                                     Q1O/P NaOH/ MgSO4/H2O2 2.0/0.3/1.0 12.1 11.8 - n/a 53.9 
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                                                   ( Q1O/P)  3.0/0.3/1.0 12.4 12.3 - n/a 53.7 
        
     Peroxide (P1)        
                                                   Q1O/PP NaOH/ MgSO4/H2O2 3.0/0.3/4.0 11.6 12.0 87.4 n/a 71.6 
                                                  (Q1O/P) /P   11.6 12.2 87.8 n/a 71.4 
        
Pressured peroxide (O/P2) Q1O/P NaOH/ MgSO4/H2O2 2.0/0.3/1.0 12.2 11.8 100 n/a n/a 
        
                
                                          Chelation (Q2) Q1O/PQ2 DTPA 0.1 5.0 n/a - n/a 60.4 
        
                      Peroxide (P2)        
                1-  Q1O/PQP NaOH/ MgSO4/H2O2 3.0/0.3/4.0 11.3 11.4 11.0 n/a 75.3 
                2-  Q1O/PQP  2.5/0.3/4.0 11.2 11.2 24.0 n/a 76.3 
        
                
Constant conditions:         
Chelation (Q):60 oC,30 min, 3%consistency         
Peroxide bleaching(P): 70 oC,240 min,10%consistency       
Peroxide bleaching(P1):80 oC,180 min,10%consistency       
Pressurized Peroxide bleaching( OP1):0.6 Mpa,90 oC,90 min,10%consistency         
Pressurized Peroxide bleaching( OP2):0.6 Mpa, 90 oC120 min,10%consistency         
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Peroxide bleaching(P2): 80 oC,180 min,10%consistency         
n/a - not available        
        
 Table 27. Prelimminary TCF bleaching trials of Bagasse (Bag8) AS- AQ pulp     
                
Stage  
Chemical 
charge %  
Initial 
pH 
Final 
pH 
Consummed 
peroxide  
Kappa 
number 
   ISO 
brightness, 
Pulp treatment Chemical on o.d pulp     %    % 
Unbleached pulp - - -   - 6.19 35.01 
        
Chelation (Q1) DTPA 0.1 5.3 n/a - n/a n/a 
        
Peroxide (P)        
                       1-   Q1P NaOH/ MgSO4/H2O2 1.5/0.3/2.0 11.3 10.9 69.5 3.1 60.7 
                       2-   Q1P  3.0/0.3/4.0 11.5 12.1 80.9 2.5 68.2 
        
Pressured peroxide (O/P1) NaOH/ MgSO4/H2O2       
                          Q1O/P  2.0/0.3/0.5 12.3 12.3 n/a n/a 55.5 
                        (Q1O/P)  2.0/0.3/1.0 12.2 12.0 n/a n/a 60.7 
        
Peroxide (P1)        
                        Q1O/PP NaOH/ MgSO4/H2O2 3.0/0.3/4.0 11.6 12.1 90.1 n/a 71.4 
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                 (Q1O/P)/P   11.6 12.1 91.6 n/a 70.4 
        
Pressured peroxide (O/P2)     Q1O/P NaOH/ MgSO4/H2O2 2.0/.3.0/1.0 12.2 12.0 98.4 n/a n/a 
                
                
                                   Chelation(Q2)     Q1O/P2/Q2 DTPA 0.1 5.0 n/a - n/a 66.1 
        
Peroxide (P2)        
                       1-  Q1O/PQ2P NaOH/ MgSO4/H2O2 3.0/0.3/4.0 11.6 11.8 34.0 n/a 77.0 
                       2-  Q1O/PQ2P  2.5/0.3/4.0 11.3 11.2 27.5 n/a 76.9 
        
        
        
                
Constant conditions:         
Chelation (Q):60 oC,30 min, 3%consistency         
Peroxide bleaching(P): 70 oC,240 min,10%consistency       
Peroxide bleaching(P1):80 oC,180 min,10%consistency       
Pressurized Peroxide bleaching( O/P1):0.6 MPa,90 oC,90 min,10%consistency         
Pressurized Peroxide bleaching( O/P2):0.6 Mpa, 90 oC120 min,10%consistency         
Peroxide bleaching(P2): 80 oC,180 min,10%consistency         
n/a - not available        
 
  
achieved indicated excessive catalytic decomposition of the peroxide. Therefore a two-
stage bleaching trial of a QO/PP sequence was carried out to improve the ISO brightness 
only for soda-AQ and AS-AQ pulps. 
       The O/P stage of the QO/PP sequence was conducted at 10% pulp consistency, 90 
min retention time and temperature of 90oC (Tables 26-27). The increase of alkali charge 
brought no improvement in ISO brightness of soda-AQ pulp. On the other hand, the ISO 
brightness was increased by 9 % with an increase of the hydrogen peroxide charge in 
 AS-AQ pulp bleaching. The hydrogen peroxide (P) stage was carried out with 10% pulp 
consistency at a relatively high temperature of 80oC for a shorter retention time of 180 
min compared to the P stage of the previous trial .The same ISO brightness of 71% was 
achieved for both soda-AQ and AS-AQ pulps. 
       In order to increase the 71% ISO brightness further bleaching trials of Q1O/PQ2P 
sequence were carried out with the soda, soda-AQ and AS-AQ unbleached pulps (Tables 
25-27).  The O/P stage was carried out with the same chemical charge as above, but for 
longer retention time of 120 min. The final hydrogen peroxide bleaching stage 
(Q1O/P/Q2P) was carried out at the same temperature (80oC) and the same retention time 
as for the O/P stage (180 min). A small amount of DTPA (0.1%) was added at the second 
chelation stage for better peroxide stabilization. An increase in ISO brightness to 73%, 
76% and 77% for soda, soda-AQ and AS-AQ bleached pulps respectively was reached. 
 
4.6.1.2 TCF Bleaching of Bagasse Pulps 
The selected bleaching conditions for the unbleached bagasse pulps are given in Table 
28. In the chelation stages prior to O/P and P stages, the addition of DTPA improved the 
selectivity of delignification for bagasse pulps. This was associated with an increase in 
ISO brightness by 26-31% after the second Q stage (Tables 29-31). 
        In the final peroxide bleaching the kappa number of the soda pulp was reduced from 
13.9 to 3.9 and ISO brightness was improved by 38% (Table 29). The kappa number of 
 AS-AQ pulp dropped from 6.2 to 1.6 and the viscosity from 1061 to only 990 ml/g at a 
considerable gain in ISO brightness by nearly 42% (Table 31). 
   
  
Table 28. Bagasse pulps TCF bleaching Condition           
Pulp treatment Chemicals 
Chemical 
charge % 
on o.d pulp 
Consistency 
% 
Temperature 
oC Time   min 
      
Chelation (Q1) DTPA 0.1 3 60 30 
      
Pressured peroxide (OP) NaOH/ MgSO4/H2O2 2.0/0.3/1.0 10 90 120 
      
Chelation (Q2) DTPA 0.1 3 60 30 
      
Peroxide (P2) NaOH/ MgSO4/H2O2 3.0/0.3/4.0 10 80 180 
            
      
Applied oxygen pressure: 6 MPa     
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         Table 29. Bagasse soda pulps TCF bleaching       
                  
 
Initial 
pH 
Final 
pH 
Consummed 
peroxide Yield,% Yield, %  
Kappa 
number Viscosity 
ISO 
brightness,
Pulp treatment     % 
on o.d 
pulp 
 on o.draw 
material   ml/g % 
         
Unbleached pulp - - - 100 53.2 13.93 912 33.61 
         
Chelation (Q1) 5  - n/a n/a n/a n/a n/a 
         
Pressured peroxide (O/P) 12.2 11.9 0 98.4 52.3 n/a n/a n/a 
         
Chelation (Q2) 5.1 n/a n/a n/a n/a n/a n/a 59.1 
         
Peroxide (P) 11.4 11.4 30.7 99.7 53.0 3.9 794 71.6 
                  
         
n/a - not available         
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         Table 30. Bagasse soda-AQ pulps TCF bleaching       
                  
 
Initial 
pH 
Final 
pH 
Consummed 
peroxide Yield,% Yield, %  
Kappa 
number Viscosity 
ISO 
brightness,
Pulp treatment     % 
on o.d 
pulp 
 on o.draw 
material   ml/g % 
         
Unbleached pulp - - - 100 55.5 12.21 892 29.6 
         
Chelation (Q1) 6 n/a - n/a n/a n/a n/a n/a 
         
Pressured peroxide (O/P) 12.2 11.8 0 97 53.8 n/a n/a n/a 
         
Chelation (Q2) 5 - - n/a n/a n/a - 60.4 
         
Peroxide (P) 11.5 11.3 27.3 99.7 55.3 2.6 915 74.1 
                  
         
n/a - not available         
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         Table 31. Bagasse AS-AQ pulps TCF bleaching        
                  
 
Initial 
pH 
Final 
pH 
Consummed 
peroxide Yield,% Yield, %  
Kappa 
number Viscosity 
ISO 
brightness,
Pulp treatment     % 
on o.d 
pulp 
 on o.draw 
material   ml/g % 
         
Unbleached pulp - - - 100 57.1 6.2 1061 35.01 
         
Chelation (Q1) 5.3 - - n/a n/a n/a n/a n/a 
         
Pressured peroxide (OP) 12.2 12 1.6 97.5 55.7 n/a n/a n/a 
         
Chelation (Q2) 5 - - n/a n/a n/a n/a 66.1 
         
Peroxide (P) 11.4 11.5 33.0 98.8 56.4 1.6 990 76.9 
                  
         
n/a - not available         
         
         
 
  
The overall bleached pulp yield was kept above 53% on oven–dry raw material (Tables 
29-31). The degree of polymerization at given kappa number can be regarded as a 
measure of selectivity of delignification (Gevert and Lohmander 1997). Thus AS-AQ 
pulp had the best bleaching selectivity of the three pulps that declined in the following 
order:  AS-AQ, soda -AQ, and soda. 
 
4.6.1.3 Bleached Bagasse Pulps Evaluation  
The strength properties of the selected unbleached and bleached pulps are compared in 
Tables 32- 34 and Figs 33- 37. 
        The high tensile strength (Fig. 33) and good tear resistance (Fig. 34) of the 
unbleached bagasse pulps were slightly decreased after TCF bleaching. The tensile index, 
tear index and runnability factor of both soda and soda-AQ bleached pulps (Tables 32-33) 
were lower than those of AS-AQ pulp which had also higher final viscosity (Table 34). 
After bleaching the beatability of the three pulps was strongly accelerated, especially in 
the case of AS-AQ pulp. The beating time necessary to obtain a certain drainage rate was 
about half that for the unbleached pulps except for the AS-AQ pulp.  
 
4.6.2  TCF Bleaching of  Bamboo Pulps 
4.6.2.1 Optimization of the TCF Bleaching of Oxytenanthera abyssinica Pulps 
The bleaching trials conducted for the unbleached oxytenanthera kraft and ASAM pulps 
(Tables 35-36) indicated a somewhat more difficult bleachability compared to bagasse 
pulps suggesting the application of more drastic bleaching sequences. Oxygen 
delignification has been widely adopted by the pulp industry and it is generally accepted 
that it is a must for totally chlorine-free bleaching (van Lierop 1993; Lachenal and 
Nguyen 1992). The lower kappa numbers of  Oxygen –delignified pulps will significantly 
reduce chemical demand during bleaching ( Mohta et al. 1998). 
 
     The oxygen delignification (O) of oxynanthera unbleached pulps was carried out at a 
medium pulp consistency (12%) (Tables 35-36). The increase in alkalinity brought 32-
39% increase in the ISO brightness compared to the unbleached kraft pulp, as well as a 
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substantial decrease by 63-75% in the kappa number. The oxygen bleached ASAM pulp 
reached higher brightness and lower kappa number at the same alkali charge compared to 
the oxygen delignified kraft pulp due to its initially higher brightness and lower kappa 
number.  
       In the first and second chelation stages prior to O/P and P stages, 0.2% and 0.1% 
DTPA were added respectively at 3% pulp consistency. At the Q1 stage the viscosity of 
the kraft pulp remained the same while it increased by 6% for the ASAM pulp and in Q2 
stage the ISO brightness improved further but with a slight drop in viscosity for both 
pulps.  
       Pressurized peroxide (O/P) stage was carried out at different conditions with 
variation in the alkali and hydrogen peroxide charges. The pulp ISO brightness increased 
while the viscosity and the kappa number decreased with the increase of alkali and 
hydrogen peroxide charges (Tables 35-36). 
       Constant amount of 0.05% DTPMPA was added to the hydrogen peroxide stages for 
peroxide stabilization. The final ISO brightness values of 81.5% and 82.6% for the 
bleached kraft and ASAM pulps, respectively, were considered as good. The higher 
bleaching chemicals consumption of the kraft pulp resulted in some viscosity losses, 
compared to the ASAM pulp. 
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   Table 32. Bagasse: soda pulping  conditions  unbleached and bleached pulp 
evaluation. 
          
Pulping Process  Soda 
  Unbleached  Bleached
Cook Code   Bag5 
Puping Conditions     
A. A. as Na2O on oven-dry bagasse, %   12.4  
Liquor-to-bagasse ratio   4:1  
Maximum temperature. oC   165  
Time to maximum temperature, min.   58  
Time at maximum temperature, min.   90  
     
Pulp yield     
Yield of oven-dry digested pulp on oven-dry bagasse, 
%  54.23  
Yield of oven-dry screened pulp on oven-dry bagasse, 
%  53.15  
Rejects on oven-dry bagasse, %   1.08  
     
Pulp evaluation     
Viscosity, ml g-1  912  794 
ISO brightness, %  33.61  71.6 
Kappa number  13.93  3.90 
     
Initial pulp freeness,  oSR 13  17.5 
Beating time, min 20 6  2 
 25 10  5 
 30 14  8 
Apparent density, g cm-3 unbeaten 0.58  0.65 
 20 0.68  0.69 
 25 0.71  0.78 
 30 0.74  0.78 
Breaking length, km unbeaten 3.90  4.70 
 20 7.02  5.42 
 25 6.83  6.73 
 30 6.89  6.92 
Runnability factor unbeaten 4.90  5.40 
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 20 6.60  5.70 
 25 6.30  6.20 
 30 6.40  6.40 
Tensile index, N mg-1 unbeaten 38.20  46.10 
 20 68.80  53.20 
 25 67.00  66.00 
 30 67.60  67.90 
Tear index, mN* m2 g-1  unbeaten 6.30  6.20 
 20 6.20  6.00 
 25 5.80  5.70 
 30 5.90  6.00 
Burst index, kPa* m2 g-1 unbeaten 2.20  2.50 
 20 4.30  3.00 
 25 4.10  4.10 
 30 4.00  4.30 
Absorption coefficient, m2 kg-1 unbeaten 7.63  0.48 
 20 7.69  0.47 
 25 7.14  0.44 
 30 7.06  0.43 
Opacity 80 g m-2, % unbeaten 97.70  81.60 
 20 74.10  80.20 
 25 95.80  77.40 
 30 95.80  75.70 
Light-scattering coefficient, m2 kg-1 unbeaten 26.70  29.00 
 20 20.00  26.80 
 25 20.00  22.80 
  30 19.20   21.90 
Table 33. Bagasse   soda-AQ pulping conditions  bleached and unbleachedpulp evaluation. 
          
Pulping Process  soda-AQ 
  Unbleaced Bleached 
Cook Code   Bag7 
Pulping conditions     
A. A. as Na2O on oven-dry bagasse, %   10.85  
Anthraquinone added on oven-dry bagasse, %   0.1  
Liquor-to-bagasse ratio   4:1  
Maximum temperature. oC   155  
Time to maximum temperature, min.   57  
Time at maximum temperature, min.   60  
   0  
Pulp yield     
Yield of oven-dry digested pulp on oven-dry bagasse, %  57.87  
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Yield of oven-dry screened pulp on oven-dry bagasse, %  55.50  
Rejects on oven-dry bagasse, %   2.38  
     
Pulp evaluation     
Viscosity, ml g-1  982  915 
ISO brightness, %  29.55  74.1 
Kappa number  12.21  2.6 
     
Initial pulp freeness,  oSR 13.5  17 
Beating time, min 20 6  2 
 25 11  5 
 30 15  10 
Apparent density, g cm-3 unbeaten 0.60  0.67 
 20 0.71  0.69 
 25 0.73  0.75 
 30 0.76  0.77 
Breaking length, km unbeaten 4.92  5.30 
 20 7.35  6.02 
 25 7.61  7.22 
 30 7.93  7.53 
Runnability factor unbeaten 5.60  5.90 
 20 6.60  6.10 
 25 6.80  6.40 
 30 6.90  6.60 
Tensile index, N mg-1 unbeaten 48.30  52.00 
 20 72.10  59.10 
 25 74.70  70.80 
 30 77.80  73.80 
Tear index, mN* m2 g-1  unbeaten 6.40  6.50 
 20 5.90  6.20 
 25 6.10  5.80 
 30 6.00  5.70 
Burst index, kPa* m2 g-1 unbeaten 2.90  3.20 
 20 4.30  3.70 
 25 4.80  4.50 
 30 4.80  4.90 
Absorption coefficient, m2 kg-1 unbeaten 8.48  0.34 
 20 7.69  0.34 
 25 7.49  0.33 
 30 7.43  0.30 
Opacity 80 g m-2, % unbeaten 97.30  78.20 
 20 96.00  76.60 
 25 95.30  74.10 
 30 94.60  71.90 
Light-scattering coefficient, m2 kg-1 unbeaten 23.70  26.50 
 20 19.50  24.80 
 25 18.00  22.00 
  30 17.30   19.90 
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Table 34. Bagasse: AS-AQ and pulping conditions unbleached and bleached pulp 
evaluation. 
          
Pulping Process  AS-AQ 
  Unbleached Bleached 
Cook Code   Bag8 
Pulping conditions     
A. A. as Na2O on oven-dry bagasse, %   12.4  
Chemicals Ratio   40:60  
Anthraquinone added on oven-dry bagasse, %   0.1  
Liquor-to-bagasse ratio   4:1  
% of NaOH   9.6  
% of Na2SO3   2.8  
Maximum temperature. oC   160  
Time to maximum temperature, min.   57  
Time at maximum temperature, min.   60  
     
Pulp yield     
Yield of oven-dry digested pulp on oven-dry bagasse, %  60.74  
Yield of oven-dry screened pulp on oven-dry bagasse, %  57.04  
Rejects on oven-dry bagasse, %   3.70  
     
Pulp evaluation     
Viscosity, ml g-1  1061  990 
ISO brightness, %  35.01  76.9 
Kappa number  6.19  1.6 
     
Initial pulp freeness,  oSR 14  16 
Beating time, min 20 6  4 
 25 10  7 
 30 15  12 
Apparent density, g cm-3 unbeaten 0.60  0.65 
 20 0.72  0.72 
 25 0.76  0.78 
 30 0.77  0.77 
Breaking length, km unbeaten 4.86  5.30 
 20 7.72  7.02 
 25 8.04  7.75 
 30 8.43  7.97 
Runnability factor unbeaten 5.70  6.00 
 20 7.10  6.50 
 25 6.90  6.70 
 30 6.90  6.70 
Tensile index, N mg-1 unbeaten 47.70  52.00 
 20 75.80  68.90 
 25 78.80  76.00 
 30 82.70  78.20 
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Tear index, mN* m2 g-1  unbeaten 6.60  6.70 
 20 6.50  6.10 
 25 6.00  5.80 
 30 5.60  5.70 
Burst index, kPa* m2 g-1 unbeaten 2.80  3.10 
 20 4.80  4.30 
 25 5.30  5.00 
 30 5.40  5.20 
Absorption coefficient, m2 kg-1 unbeaten 6.85  0.29 
 20 6.22  0.26 
 25 5.87  0.25 
 30 6.01  0.26 
Opacity 80 g m-2, % unbeaten 96.70  77.40 
 20 94.50  73.30 
 25 93.10  71.00 
 30 92.70  69.80 
Light-scattering coefficient, m2 kg-1 unbeaten 24.10  25.90 
 20 19.50  22.30 
 25 17.70  20.00 
  30 16.40   18.70 
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Figure 33. Bagasse  unbleached and bleached  pulps tensile- beating degree 
                    relationship
5.4
5.6
5.8
6.0
6.2
6.4
6.6
15 20 25 30 35 40
Beating Degree, oSR
Te
ar
 In
de
x,
 m
N
m
2/
g
Soda-UBL Soda-BL Soda-AQ-UBL Soda-AQ-BL
AS-AQ-UBL AS-AQ-BL
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4.6.2.2 TCF Bleaching of Oxytenanthera abyssinica Pulps   
The results shown in Tables 37 and 38 indicated good bleachability for the oxytenanthera 
pulps that was comparatively difficult as it required additional chemical charges due to 
the high lignin content of the unbleached pulps. The oxygen delignification of unbleached 
oxytenanthera pulp reduced the kappa number by more than 50%. The kappa numbers of 
the kraft and ASAM pulps were reduced from 24.8 to 6.6 and from 19.4 to 8.0 
respectively. The ISO brightness was improved with 18.7% for the kraft pulp and with 
12% for the ASAM pulp .The viscosity loss for both pulps and especially for the ASAM 
was small (from 1024 to 885 g/ml and 1114 to 1054 g/ml respectively). 
The addition of DTPA at the chelation stages (Q) prior to O/P and P stages, improved the 
selectivity in the delignification, resulting in an increased ISO brightness in both cases.             
In the final peroxide stage the addition of DTPMPA (0.05%) and MgSO4 (0.1%) (Tables 
39-40) had been proved beneficial for a successful peroxide bleaching. In this stage the  
 
  
Table 35. Prelimminary TCF bleaching trials of Oxytenanthera abysinica kraft pulp (Oxy6)    
        
Pulp treatment Chemical Chemical charge % 
Initial 
pH 
Final 
pH 
Consummed   
Kappa num
    on o.d pulp     peroxide %   
Unbleached pulp - - - - - 24.8 
       
Oxygene delignification (O)  MgSO4/NaOH 0.3/2.0 12.3 9.5 - 9.2 
       
  0.3/2.5 12.5 9.9 - 7.7 
       
  0.3/3.0 12.6 10.4 - 7.2 
       
  0.3/3.5 12.7 10.6 - 6.1 
              
Chelation (Q1) DTPA 0.2 5.1 5.9 -   
       
Pressurized peroxide (O/P) NaOH/ MgSO4/H2O2 1.25/0.3/1.0 11.4 10.5 81.7 4.1 
       
  1.5/0.3/1.5 11.4 10.6 71.7 3.9 
       
  1.75/0.3/1.75 11.4 10.4 68 3.7 
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  2.0/0.3/2.0 11.4 10.7 68 3.6 
              
Chelation (Q2) DTPA 0.1 4.6 5.1 - n/a 
       
Peroxide (P) NaOH/ MgSO4/H2O2/DTPMPA 1.75/0.1/2.0/0.05 11.5 11.6 70.5 3 
       
  2.0/0.1/2.5/0.05 11.5 11.6 73.4 2.9 
       
  2.25/0.1/3.0/0.05 11.4 11.8 78.1 2.8 
       
    2.5/0.1/3.5/0.05 11.4 11.8 75.7 2.7 
       
Constant conditions:        
Oxygen bleaching (O) : 98 oC,120 min ,12% consistancy      
Chelation (Q1):60 oC,30 min, 3%consistency       
Pressurized Peroxide bleaching( O/P):0.6 MPa,95 oC, 90min,12%consistency       
Chelation (Q2): 60 0C,30 min, 3% consistency       
Peroxide bleaching(P): 90oC, 240 min,12%consistency        
n/a - not available       
       
 
 
74
Table 36. Prelimminary TCF bleaching trials of Oxytenanthera abysinica    (ASAM) pulps(oxy15)   
              
Pulp treatment Chemical Chemical charge % 
Initial 
pH 
Final 
pH 
Consummed   
Kappa num
    on o.d pulp     peroxide %   
Unbleached pulp - - - - - 19.4 
       
Oxygene delignification (O)  NaOH/MgSO4 2.0/0.3 12.4 10.1 - 9.3 
       
  2.5/0.3 12.5 10.3 - 8.3 
       
  3.0/0.3 12.6 10.5 - 7.8 
       
  3.5/0.3 12.7 10.6 - 7.6 
              
Chelation (Q1) DTPA 0.2 5.0 6.1 - 8.0 
       
Pressurized peroxide (O/P) NaOH/ MgSO4/H2O2 1.25/0.3/1.0 11.3 10.1 30.9 5.6 
       
  1.5/0.3/1.5 11.3 10.3 30.9 5.2 
       
  1.75/0.3/2.0 11.3 10.2 33.8 4.8 
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  2.0/0.3/2.5 11.3 10.4 33.1 4.6 
              
Chelation (Q2) DTPA 0.1 4.6 6 - n/a 
       
Peroxide (P) NaOH/ MgSO4/H2O2/DTPMPA 1.75/0.1/2/0.05 11.4 11.1 50.1 3.7 
       
  2.0/0.1/2.5//0.05 11.4 11.3 45.4 3.5 
       
  2.25/0.1/3/0.05 11.4 11.4 57.8 3.4 
       
  2.5/0.1/3.5/0.05 11.4 11.5 59.8 3.4 
              
       
Constant conditions:        
Oxygen bleaching (O) : 98 oC,120 min ,12% consistancy      
Chelation (Q1):60 oC,30 min, 3%consistency       
Pressurized Peroxide bleaching( O/P):0.6 MPa,95 oC,12%consistency       
Chelation (Q2): 60 0C,30 min, 3% consistency       
Peroxide bleaching(P): 90oC, 240 min,12%consistency        
n/a - not available       
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Table 37. Oxytenanthera abyssinica: TCF bleaching conditions and bleaching sequence of kraft   pulp (Oxy6)    
                  
Pulp treatment Chemicals 
Chemical charge 
% on o.d pulp    Consistency, Temperature, Time,  
Initial 
pH 
Final 
pH Pero
  % o.d.pulp % oC  min   
consum
%
                 
Unbleached pulp - - - - - - - -
        
Oxygene delignification 
(O)  NaOH/MgSO4/H2SO4  2.5/0.3/1.87 12 98 120 12.6 9.7 -
        
Chelation (Q1) DTPA / H2SO4 0.2 / 1.87 3 60 30 5.1 5.9 -
        
Pressured peroxide (O/P) NaOH/ MgSO4/H2O2 1.75/0.3/2 12 95 90 11.4 11.3 76
        
Chelation (Q2) DTPA / H2SO4 0.1/.73 3 60 30 4.6 5.1 -
        
Peroxide (P) 
NaOH/ 
MgSO4/H2O2/DTPMPA 2.25/0.1/3.0/0.05 12 90 240 11.5 11.8 69
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Table 38.Oxytenanthera abyssinica: TCF  bleaching conditions and bleaching sequence of ASAM pulps  (Oxy 15)   
                  
                  
Pulp treatment Chemicals 
Chemical charge 
% on o.d pulp    Consistency, Temperature, Time,  
Initial 
pH 
Final 
pH Pero
  % o.d.pulp % oC  min   
consum
%
                 
         
Unbleached pulp  - - - - - - -
        
Oxygene delignification 
(O)  NaOH/MgSO4  2.5/0.3 12 98 120 12.6 10.4 -
        
Chelation (Q1) DTPA / H2SO4 0.2 / 1.87 3 60 90 5 6.1 -
         
Pressured peroxide (O/P) NaOH/ MgSO4/H2O2 1.75/0.3/2 12 95 90 11.4 10.5 38
         
Chelation (Q2) DTPA / H2SO4 0.1/.97 3 60 30 4.6 6 -
         
Peroxide (P) 
NaOH/ 
MgSO4/H2O2/DTPMPA 2.0/0.1/2.5/0.05 12 90 240 11.5 11.4 53
                  
 
  
Table 39. Oxytenanthera abyssinica kraft  pulping conditions,  bleached and unbleached pulp 
evaluation. 
          
Pulping Process  Kraft 
  Unbleached Bleached
Cook Code     Oxy6   
Pulping conditions     
A. A. as Na2O on oven-dry fibre, %   18.6  
Chemicals Ratio   40:60  
Anthraquinone added on oven-dry fibre, %   0  
Liquor-to -fiber ratio   4:1  
% of NaOH   14.40  
% of Na2S   9.60  
Maximum temperature. oC   170  
Time to maximum temperature, min.   75  
Time at maximum temperature, min.   165  
Pulp yield     
Yield of oven-dry digested pulp on oven-dry fibre, %   38.92  
Yield of oven-dry screened pulp on oven-dry fibre, %   38.76  
Rejects on oven-dry fibre, %   0.17  
Pulp evaluation     
Viscosity, ml g-1  1024  638 
ISO brightness, %  21.0  82.0 
Kappa number  24.8  2.8 
 oSR    
Initial pulp freeness unbeaten 14.5  15.0 
Beating time, min 20 23.0  14.0 
 25 34.0  22.0 
 30 40.0  29.0 
 40 56.0  41.0 
 unbeaten 0.5  0.6 
Apparent density,g cm-3 20 0.6  0.7 
 25 0.7  0.7 
 30 0.7  0.7 
 40 0.7  0.7 
Breaking length, km unbeaten 5.6  3.7 
 20 6.1  5.5 
 25 6.5  6.1 
 30 6.7  6.6 
 40 7.2  6.9 
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Runnability factor unbeaten 8.4  6.3 
 20 9.2  8.4 
 25 9.2  8.7 
 30 9.1  8.9 
 40 9.2  8.9 
Tensile index, N m g-1 unbeaten 54.8  36.7 
 20 60.2  53.7 
 25 64.1  59.7 
 30 66.1  64.5 
 40 70.9  67.9 
Tear index, mN m2 g -1 unbeaten 12.6  10.7 
 20 13.8  12.8 
 25 13.0  12.5 
 30 12.4  12.1 
 40 11.6  11.6 
Burst index, kPa m2 g -1 unbeaten 3.1  1.9 
 20 3.6  3.1 
 25 3.8  3.6 
 30 4.2  4.0 
 40 4.4  4.2 
Absorption coefficient, m2 kg-1 unbeaten 18.0  0.2 
 20 17.5  0.2 
 25 17.6  0.2 
 30 17.8  0.2 
 40 18.3  0.2 
Opacity 80g m-2, % unbeaten 99.6  79.5 
 20 99.5  77.4 
 25 99.7  77.2 
 30 99.5  77.2 
 40 99.5  76.0 
Light scattering coefficient, m2 kg-1 unbeaten 23.3  31.5 
 20 19.6  27.7 
 25 19.6  27.4 
 30 19.6  27.5 
  40 19.7   27.1 
     
     
Table 40 Oxytenanthera abyssinica  ASAM pulping conditions bleached  and unbleached pulp 
evaluation. 
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Pulping Process  ASAM 
  Unbleached Bleached
Cook Code     Oxy15   
Puping Conditions     
A. A. as Na2O on oven-dry fibre, %   18.6  
Chemicals Ratio   70/30  
Anthraquinone added on oven-dry fibre, %   0.1  
Liquor-to -fiber ratio   4:1  
% of NaOH   7.2  
% of Na2S   16.8  
MeOH, % (v/v)   20  
Maximum temperature. oC   170  
Time to maximum temperature, min.   75  
Time at maximum temperature, min.   165  
     
Pulp yield     
Yield of oven-dry digested pulp on oven-dry fibre, %   44.9  
Yield of oven-dry screened pulp on oven-dry fibre, %   42.2  
Rejects on oven-dry fibre, %   2.7  
Pulp evaluation     
Viscosity, ml g-1  1114  976 
ISO brightness, %  36.3  81.7 
Kappa number  19.4  3.5 
 oSR    
Initial pulp freeness unbeaten 14.0  14.5 
Beating time, min 20 20.0  12.0 
 25 32.0  21.0 
 30 41.0  28.0 
 40 53.0  40.0 
 unbeaten 0.5  0.6 
Apparent density,g cm-3 20 0.6  0.7 
 25 0.6  0.7 
 30 0.6  0.7 
 40 0.7  0.7 
Breaking length, km unbeaten 4.3  3.5 
 20 6.4  5.7 
 25 6.8  6.4 
 30 7.1  6.5 
 40 7.2  7.0 
Runnability factor unbeaten 6.9  6.1 
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 20 8.8  7.9 
 25 9.1  8.5 
 30 9.3  8.6 
 40 9.2  8.7 
Tensile index, N m g-1 unbeaten 42.5  34.1 
 20 62.3  55.4 
 25 67.0  62.3 
 30 69.4  63.7 
 40 71.0  68.5 
Tear index, mN m2 g -1 unbeaten 11.0  10.7 
 20 12.2  11.2 
 25 12.2  11.3 
 30 12.2  11.3 
 40 11.8  11.0 
Burst index, kPa m2 g -1 unbeaten 2.3  1.9 
 20 4.0  3.3 
 25 4.5  3.6 
 30 4.6  3.6 
 40 4.6  4.2 
Absorption coefficient, m2 kg-1 unbeaten 8.3  0.2 
 20 7.8  0.2 
 25 7.3  0.2 
 30 7.9  0.2 
 40 8.2  0.2 
Opacity 80g m-2, % unbeaten 98.5  80.4 
 20 97.6  76.1 
 25 97.8  75.1 
 30 97.9  75.4 
 40 97.8  75.4 
Light scattering coefficient, m2 kg-1 unbeaten 32.2  32.1 
 20 24.2  27.3 
 25 21.9  25.9 
 30 24.3  25.7 
  40 25.0   25.1 
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same ISO brightness of 82% was attained for both pulps. Due to some cellulose 
degradation and formation of hydroxyl radicals, the viscosity of the two pulps was 
reduced to 638 g/ml for kraft and to 976 g/ml for the ASAM pulps (Tables 37-38), 
indicating the superiority of the ASAM pulping process. 
 
4.6.2.3 Oxytenanthera abyssinica Bleached Pulps Evaluation 
To elucidate the effects of the applied TCF bleaching sequences on the physical 
properties of bleached oxytenanthera kraft and ASAM pulps their tear, tensile and burst 
indices were plotted against the beating degree (Figs 38-41) that was strongly 
accelerated, especially in the case of the ASAM pulp (Tables 39-40).  The slight loss in 
viscosity of the bleached ASAM pulp compared to the unbleached pulp was reflected in a 
slight reduction in its strength (Table 40). However the superiority of all physical 
properties of the unbleached ASAM pulp, except for the tear index, to those of the 
unbleached kraft pulp did not change after bleaching. It could be concluded that both 
oxytenanthera bleached pulps were not seriously affected by the oxygen delignification. 
As seen from the runnability factors (Fig. 38) the two bleached pulps, and in particular 
the ASAM pulp, had good strength properties at a higher degree of freeness.  
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5 CONCLUSIONS and RECOMMENDATIONS 
 
The following conclusions were reached from the results and discussion of the present 
study: 
 
• The fibre dimensions and morphological indices were specific for each raw 
material and should affect correspondingly the papermaking properties of the 
pulps  
• The chemical composition of the raw materials was characterized by a relatively 
low lignin content. The good carbohydrate contents were favourable for normal 
pulping with moderate chemical charge, very good to good yield and easy beating 
The high ash content typical for non-woody materials, should affect the chemical 
consumption in both pulping and bleaching. 
 
• The soda pulping of bagasse, carried out as a reference cook, yielded more than 
54% of bleachable grade pulp with satisfactory strength characteristics. 
 
• The addition of anthraquinone to the soda pulping accelerated the delignification 
and the beating rate; reduced the alkali consumption, the kappa number and the 
brightness; increased the pulp yield and viscosity and gave superior pulp 
properties to those of the reference soda pulp.  
 
• The optimum temperature applied to the bagasse soda–AQ cooking was 155oC, 
which gave excellent yield of nearly 58%. 
 
• The bagasse alkaline sulphite-anthraquinone pulping was attractive from many 
points. A very high screened yield (57%) of a bleachable pulp was obtained with 
a very low kappa number, high viscosity, and high initial ISO brightness produced 
at a lower cooking temperature of 160oC for a shorter cooking time (60 minutes). 
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The strength properties of the pulp exceeded by far those of the conventional 
bagasse soda pulp. 
 
• The kraft pulp of bamboo was superior to soda and soda-AQ pulps in all strength 
properties except for the tensile index of bambusa soda-AQ pulp. Addition of 
anthraquinone in the kraft pulping of bamboo increased the yield and improved 
the strength properties. 
 
• Soda-AQ pulping of oxytenanthera gave higher screened yield than the kraft pulp 
at more or less the same tear index.  
 
• The need of higher degree of delignification in the AS-AQ pulping indicated that 
a higher chemical charge had to be applied to achieve a favourable kappa 
number–yield relationship. With respect to yield, strength properties, except the 
tear index of bambusa, the AS-AQ process was superior to the bamboo kraft 
pulping. 
 
• The best bamboo cooking results were obtained with the ASAM process, which 
gave higher pulp yield and superior optical and strength properties than the kraft 
process. The synergistic effect of AQ and methanol provided a far-reaching 
selective delignification. Higher yield, lower kappa numbers and superior 
viscosity and brightness were obtained at high pulp strength level for the both 
bamboo species..  
 
•  The high tear and good bulk and opacity of oxytenanthera pulps make them 
excellent furnishes for wrapping papers and quality printing papers.  
 
• Blending of Oxytenanthera abyssinica AS-AQ pulp with the bagasse AS-AQ pulp 
improved the interfibre bonding of the oxytenanthera pulp and gave paper with 
considerably improved strength properties than that obtained from the 
oxytenanthera pulp alone.  The 50:50 blends had the highest tear strength, 
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runnability factor, opacity and light-scattering coefficient. In this respect bagasse 
is a strong contender to meet part of the additional fibre supply requirement as a 
high quality, high yield option. 
 
• The application of TCF bleaching sequences gave pulps of very high brightness 
and strength properties, especially with bagasse AS-AQ and bamboo ASAM 
pulps. 
 
• The addition of DTPA, DTMPA and MgSO4 during the bleaching stages 
improved the brightness, stabilized the carbohydrates and the hydrogen peroxide 
by reducing the transition metals adverse effect. 
 
• The strength properties of the best pulps from the raw materials studied indicated 
their suitability in a wide range of paper grades. 
 
• All raw materials chosen were well suited for obtaining pulp with acceptable to 
excellent yield with the most suitable pulping process tried, according to their 
individual characteristics. They could develop into predominant fibre resources 
for good quality pulps for use in printing and writing papers. 
 
• Economic evaluation should be carried out to ensure the justification of using 
bagasse and bamboo as raw materials for the pulp and paper industry in the 
Sudan. 
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ﺻﻠﺪة واﻟﻤﻮاد اﻟﺨﺎم ﻣﻦ اﺧﺸﺎ ب ( ﻋﻠﻲ اﻷﻗﻞ ﻓﻲ اﻟﻤﺴﺘﻘﺒﻞ اﻟﻘﺮﻳﺐ ﻧﺴﺒﺔ ﻻآﺘﺸﺎف اﻟﺒﺘﺮول)اﻟﻤﺎء 
  .وﻣﺨﻠﻔﺎت زراﻋﻴﺔ
اﻻﻧﻮاع اﻟﻐﻴﺮ . اﻟﺴﻮدان ﻏﻨﻰ ﺑﺎﻟﻤﻮاد اﻟﺨﺎم اﻟﺸﺠﺮﻳﺔ و اﻟﻐﻴﺮ ﺷﺠﺮﻳﺔ اﻟﻤﻨﺎﺳﺒﺔ ﻟﺼﻨﺎﻋﺔ اﻟﻮرق 
  .ﺷﺠﺮﻳﺔ زات اﻧﺘﺎﺟﻴﺔ ﻋﺎﻟﻴﺔ ﻣﻘﺎرﻧﺔ ﺑﺎﻻﻧﻮاع اﻟﺸﺠﺮﻳﺔ 
     arehtnanetyxOﺗﻢ ﺟﻤﻊ ﻋﻴﻨﺎت اﻟﺒﻘﺎس ﻣﻦ ﻣﺼﻨﻊ ﺳﻜﺮ آﻨﺎﻧﺔ و ﻧﻮﻋﻴﻴﻦ ﻣﻦ اﻟﻘﻨﺎ 
ﻏﺎﺑﻪ )و اﻟﺠﺰﺑﺮة ( ﻏﺎﺑﺔ اﺑﻮ ﺟﻴﻠﻰ) ﻣﻦ اﻟﻨﻴﻞ اﻻزرق acinissyba siragluv asubmaB,
  .ﻋﻠﻰ اﻟﺘﻮاﻟﻰ( ام ﺑﺎروﻧﺔ
  
اﻟﺨﺼﺎﺋﺺ اﻟﻤﻮرﻓﻮﻟﻮﺟﻴﺔ ،اﻟﺘﺮآﻴﺐ اﻟﻜﻴﻤﻴﺎﺋﻲ،اﻟﻤﺤﺘﻮﻳﺎت اﻟﻤﻌﺪﻧﻴﺔ ﻣﻦ ( ﻟﻠﻘﻨﺎ)ﺗﻢ ﺗﻘﻴﻴﻢ اﻟﻜﺜﺎﻓﺔ 
ﻋﻤﻠﻴﺎت اﻟﻄﺒﺦ اﻟﻤﺨﺘﻠﻔﺔ ﺑﺎﺳﺘﺨﺪام اﻟﺼﻮدا،اﻟﺼﻮدا اﻧﺜﺮاآﻮﻳﻨﻮن ، ﻗﻠﻮي آﺒﺮﺗﻴﺪ ﺑﻮﺟﻮد 
  .اﻟﻜﺮاﻓﺖ اﻟﻘﺎﻋﺪﻳﺔ  واﺳﺘﻌﻤﺎل اﻟﺘﺒﻴﻴﺾ اﻟﺨﺎﻟﻲ ﻣﻦ اﻟﻜﻠﻮر, ﻤﻴﺜﺎﻧﻮلاﻧﺜﺮاآﺒﻴﻨﻮن واﻟ
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اﻻﺧﺘﻼﻓﺎت ﻓﻲ اﻟﺨﺼﺎﺋﺺ اﻟﻤﻮرﻓﻮﻟﻮﺟﻴﺔ ﻟﻸﻟﻴﺎف ﻟﻜﻞ اﻟﻤﻮاد اﻟﻤﺪروﺳﺔ دﻋﻤﺖ ﺑﺪراﺳﺔ اﻟﻨﺴﺐ 
اﻟﻤﻮرﻓﻮﻟﻮﺟﻴﺔ ﻟﻸﻟﻴﺎف وﺗﻢ ﺗﺼﻨﻴﻒ اﻟﻤﻮاد اﻟﻤﺪروﺳﺔ ﻋﻠﻲ أﺳﺎس ﻣﻌﺪل ﻣﺮوﻧﺔ اﻻﻟﺘﺼﺎق ﺑﻴﻦ 
  .اﻷﻟﻴﺎف
  .  ﻣﻨﺘﺼﻒ اﻟﻤﺪى ﻟﻠﻌﺠﻴﻨﺔ اﻟﺘﺠﺎرﻳﺔﻣﺘﻮﺳﻂ آﺜﺎﻓﺔ اﻟﻘﻨﺎ ﺗﻘﻊ ﻓﻲ
   .  7.1 ﻃﻮﻳﻞ وﻣﺘﻮﺳﻂ اﻟﺒﻘﺎس1.2-5.1ﻣﺘﻮﺳﻂ ﻃﻮل اﻻﻟﻴﺎف ﻟﻠﻘﻨﺎ 
اﻟﻨﺮآﻴﺐ اﻟﻜﻴﻤﻴﺎﺋﻰ ﻟﻠﻤﻮاد اﻟﺨﺎم اﻟﻤﺪروﺳﺔ،اﺛﺒﺖ أﻧﻬﺎ ﺗﺸﺎﺑﻪ اﻟﻨﺒﺎﺗﺎت ﻏﻴﺮا ﻟﺨﺸﺒﻴﺔ ﻓﻲ اﻟﻤﻨﺎﻃﻖ 
ﺑﺤﺘﻮى ﻋﻠﻰ اﻟﻨﺒﺎﺗﺎت اﻟﻐﻴﺮ ﺧﺸﺒﻴﺔ ﺗﺤﺘﻮى ﻋﻠﻰ ﻧﺴﺒﺔ ﻋﺎﻟﻴﻪ ﻣﻦ اﻟﺮﻣﺎد واﻟﺴﻠﻴﻜﺎ اﻟﺒﻘﺎس . اﻟﻤﺪارﻳﺔ
. asubmaBاﻗﻞ ﻧﺴﺒﺔ ﺳﻠﻴﻮﻟﻮزﻓﻰ اﻟﻘﻨﺎ وﺟﺪ ﻓىﺎل  (. 8.45)%ﻧﺴﺒﺔ ﻋﺎﻟﻴﺔ ﻣﻦ اﻟﺴﻠﻴﻮﻟﻮز
  . اﻟﻤﻜﻮﻧﺎت اﻟﻜﻴﻤﻴﺎﺋﻴﺔ ﻟﺠﻤﻴﻊ اﻟﻤﻮاد اﻟﻤﺪروﺳﺔ أآﺪت إﻧﻬﺎ ﻣﻨﺎﺳﺒﺔ ﻟﻠﻄﺒﺦ ﺑﺎﻟﻄﺮﻳﻘﺔ اﻟﻜﻴﻤﻴﺎﺋﻴﺔ اﻟﻘﻠﻮﻳﺔ
و . نﺑﺎﺳﺘﺨﺪام ﻗﻠﻮي آﺒﺮﺗﻴﺪ ﺑﻮﺟﻮد أﻧﺜﺮاآﻮﻳﻨﻮ%( 75)ﻧﺴﺒﺔ إﻧﺘﺎج ﻟﺐ ﻋﺎﻟﻴﺔ  اﻟﺒﻘﺎس أﻋﻄﻰ
  .ﺑﺎﺳﺘﺨﺪام اﻟﺼﻮدا أﻧﺜﺮاآﻮﻳﻨﻮن%(  85) آﺬﻟﻚ أﻋﻄﻰ ﻧﺴﺒﺔ ﻣﻤﺘﺎزة 
ﻃﺒﺦ اﻟﻘﻨﺎ ﺑﺎاﻟﻜﺮاﻓﺖ  أﻋﻄﻰ ﺧﻮاص ﻣﻴﻜﺎﻧﻴﻜﻴﺔ ﻋﺎﻟﻴﺔ ﻋﺪا ﻗﻮة اﻟﺸﺪ ﻓﻰ اﻟﺒﻠﻘﺎس آﻤﺎ أن اﺿﺎﻓﻰ 
اﻻﻧﺜﺮاآﻮﻳﻨﻮن ﻟﻠﻜﺮاﻓﺖ أدت إﻟﻰ رﻓﻊ ﻧﺴﺒﺔ اﻟﻠﺐ وﺗﺤﺴﻴﻦ ﺧﻮاص اﻟﺨﻮاص اﻟﻤﻴﻜﺎﻧﻴﻜﻴﺔ ﻟﻠﻮرق 
  .اﻟﻤﻨﺘﺞ
اﻟﺒﻴﺌﻴﺔ اﻟﺼﺪﻳﻘﺔ ﻧﺴﺒﺔ ﺟﻮدة ( ﻗﻠﻮي آﺒﺮﺗﻴﺪ ﺑﻮﺟﻮد أﻧﺜﺮاآﻮﻳﻨﻮن و اﻟﻤﻴﺜﺎﻧﻮل)ﻃﺒﺦ اﻟﻘﻨﺎ ﺑﺎﻟﻄﺮﻳﻘﺔ 
  .اﻟﺘﺒﻴﻴﺾ ﻣﻘﺎرﻧﺔ ﺑﺎﻟﻜﺮاﻓﺖ, و اﻟﻠﺰوﺟﺔ,اﻟﺨﻮاص اﻟﻀﻮﺋﻴﺔ و اﻟﻤﻴﻜﺎﻧﻴﻜﻴﺔ , ﺑﺎﻟﻨﺴﺒﺔ ﻟﻠﺐ 
ﺑﻜﻞ اﻟﻨﺴﺐ (. 05:05 و07:03و 09:01)ﺗﻢ ﺧﻠﻂ ﻋﺠﻴﻨﺘﻰ  اﻟﺒﻘﺎس و اﻟﻘﻨﺎ ﺑﺜﻼﺛﺔ ﻧﺴﺐ 
ﻟﺸﺪ اﻟﻤﻴﻜﺎﻧﻴﻜﻴﺔ ﺑﺪرﺟﺔ ﺷﺪ اﻗﺮب ﻟﻌﺠﻴﺒﺔ اﻟﺒﻘﺎس ذو ﻗﻮة اﻟﺸﺪ اﻟﻌﺎﻟﻴﺔ آﻤﺎ ان ﻗﻮة ﺗﺤﺴﻨﺖ ﺧﺎﺻﻴﺔ ا
  .اﻟﺘﻤﺰق اﻟﻤﻴﻜﺎﻧﻴﻜﻴﺔ ﺑﺪرﺟﺔ اﻗﺮب ﻟﻌﺠﻴﺒﺔ اﻟﻘﻨﺎ
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ﺑﺎﺳﺘﺨﺪام اﻟﻬﻴﺪروﺟﻴﻦ ﺑﻴﺮو آﺴﻴﺪ , ﺗﻤﺖ ﻋﻤﻠﻴﺔ ﺗﺒﻴﻴﺾ اﻟﻘﻨﺎ و اﻟﺒﻘﺎس ﺑﺎ ﻟﻄﺮﻳﻘﺔ اﻟﺒﻴﺌﻴﺔ اﻟﺼﺪﻳﻘﺔ
اﻟﺼﻮدا , ﺒﻘﺎس اﻟﻤﻨﺘﺠﺔ ﻣﻦ اﻟﻄﺒﺦ ﺑﺎﻟﺼﻮداﻋﺠﻴﺒﺔ اﻟ. ﺑﺎﻟﻨﺴﺒﺔ ﻟﻠﺒﻘﺎس و اﻷآﺴﺠﻴﻦ ﺑﺎﻟﻨﺴﺒﺔ ﻟﻠﻘﻨﺎ
% 1.47 ,1.17% واﻟﻘﻠﻮي آﺒﺮﺗﻴﺪ ﺑﺎﻻﻧﺜﺮاآﻮﻳﻨﻮن أﻋﻄﺖ ﺑﻴﺎض ﺑﻨﺴﺒﺔ, أﻧﺜﺮاآﻮﻳﻨﻮن
 099 – 097 درﺟﺔ ﻟﺰوﺟﺔ ﻣﻦ 9.3  -6.1 ﻋﻠﻰ اﻟﺘﻮاﻟﻲ ﻣﻊ ﻧﺴﺒﺔ ﻟﺠﻨﻴﻦ ﻣﻨﺨﻔﻀﺔ 9.67%,
  .ﺟﻢ / ﻣﻞ
ﻤﻴﺎﺋﻴﺔ أﺿﺎﻓﻴﺔ ﻧﺴﺒﺔ هﻨﺎﻟﻚ ﺻﻌﻮﺑﺔ ﻓﻰ ﺗﺒﻴﺾ اﻟﻘﻨﺎ ﻣﻘﺎرﻧﺔ ﺑﺎﻟﺒﻘﺎس ﺣﻴﺚ أﻧﺔ ﻳﺤﺘﺎج ﻟﻤﻮاد آﻴ
ﻧﺴﺒﺔ اﻟﺠﻨﻴﻦ اﻟﻤﺘﺒﻘﻲ ﻟﻠﻌﺠﻴﻨﺔ . ﻻﺣﺘﻮاء اﻟﻌﺠﻴﻨﺔ اﻟﻐﻴﺮ ﻣﺒﻴﻀﺔ ﻋﻠﻰ ﻋﻠﻰ ﻧﺴﺒﺔ ﻋﺎﻟﻴﺔ ﻣﻦ اﻟﻠﺠﻨﻴﻦ 
 و ﻣﻦ 6.6 اﻟﻰ8.42آﺮاﻓﺖ و واﻟﻘﻠﻮي اﻟﻜﺒﺮﺗﻴﺪ ﺑﺎﻻﻧﺜﺮاآﻮﻳﻨﻮن واﻟﻤﻴﺜﺎﻧﻮل ﻟﻠﻘﻨﺎ اﻧﺨﻔﻀﺖ ﻣﻦ 
ان ﻓﻰ اﻟﻠﺰوﺟﺔ اﻟﻔﻘﺪ. ﻟﻠﻌﺠﻴﻨﺘﻴﻦ % 28ﻧﺴﺒﺔ اﻟﺒﻴﺎض اﻟﻨﺎﺗﺠﺔ .  ﻋﻠﻰ اﻟﺘﻮاﻟﻰ8 اﻟﻰ 4.91
  (.  ﻣﻞ ﻋﻠﻰ اﻟﺘﻮاﻟﻲ/  ﺟﻢ 5401 ل 4111ﻣﻞ و/  ﺟﻢ 588 ل 4201ﻣﻦ  ) ﻟﻠﻌﺠﻴﻨﺘﻴﻦ ﻗﻠﻴﻞ 
 
